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Abstract 
Sustainable transport is now a popular goal of transport planning. As with any aspiration, 
systems and mechanisms are required to assess and gauge success in achieving this policy 
goal. There is increasing reliance on sustainable transport indicators as appropriate tools 
for this purpose. The usefulness and credibility of any indicator-based assessment will 
undoubtedly depend on the specific indicators utilised. As such, indicators must be 
selected carefully to maximise their contribution to the sustainable transport decision 
making process. A review of current applications of sustainable transport indicators has 
revealed however, that they are typically selected in an ad hoc and arbitrary fashion. 
Development of a framework that facilitates transparent and systematic indicator 
selection would therefore represent a significant advance in transport research. In that 
regard, this thesis presents the Evaluative and Logical Approach to Sustainable Transport 
Indicator Compilation (ELASTIC), a methodological framework which provides a 
flexible, participatory and systematic mechanism for identifying and selecting key 
sustainable transport indicators. The output of ELASTIC is the Transport Sustainability 
Profile (TSP), a small un-aggregated suite . of sustainable transport indicators which 
together can provide a snapshot of the sustainability of a transport system. Using various 
multi-criteria and statistical techniques, ELASTIC applies a robust process to evaluate 
and select indicators based on their analytical soundness and their relevance to key 
objectives of sustainable transport. A generic and transferable tool, ELASTIC is capable 
of application at different geographical scales as well as to non-transport sustainability 
assessment. For the purpose of this research, the framework is demonstrated through 
application to England, UK where the judgements of relevant Academics and Transport 
Planners are elicited and entered into the ELASTIC framework to systematically select a 
subset of 15 indicators from an initial set of 200. By disaggregating the sample of 
stakeholders into regional groupings, different context-specific suites of indicators for the 
regional groupings were also derived. The demonstration confirms ELASTIC to be an 
inclusive and practical approach to compiling a suite of sustainable transport indicators 
specific to context and which reflects the unique values of key stakeholders. 
Key Words: sustainable transport, sustainability assessment, indicators, multi-criteria 
decision analysis, analytic hierarchy process, participatory transport planning. 
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Chapter One: Introduction 
CHAPTER ONE: Introduction 
1.0 Overview 
This chapter describes the background to the research and briefly discusses how the 
pertinent issues contributed to the development of the aims and the work presented in this 
thesis. The original contributions of the research are then presented and the scope of the 
thesis defined. Finally, the chapter concludes with a description of the structure of the 
thesis and a brief outline of each component chapter. 
1.1 Research background 
The physical movement of humans and commodities over space and time, provided by an 
efficient transport system, is essential for the functioning of societies and economies. 
There is no debating the fact that over the years, transport has enriched and shaped 
society. It is becoming increasingly clear however, that the benefits provided by transport 
have come at a cost. The improvement in the mobility of both people and goods, while 
contributing to tremendous social and economic advances, has also had various adverse 
effects on society, the environment and some sectors of the economy. 
Since the popularisation of the concept of `sustainable development' by the Brundtland 
Commission (WCED 1987) and its emphasis on minimising the negative impacts of 
development, the adverse impacts of transport have become of increasing concern to the 
general public, policy-makers, and planners alike. There is now general consensus that 
current transport trends cannot continue, and that fundamental changes in the planning, 
design, and operation of transport systems are needed (Banister and Button 1993, 
Whitelegg 1993, Nijkamp 1994, Black 1996, Greene and Wegener 1997, DETR 1998, 
May et al 2003). These concerns have converged to form an interest in the concept of 
sustainable transport and over the past decade, numerous strategies, policies, Green 
Papers, White Papers and academic research articles have been published by international 
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organisations, governments, practitioners and academics, all advocating a shift towards 
the new paradigm of sustainable transport and suggesting measures through which it can 
be achieved (see for example, European Commission 1992, World Bank Group 1996, 
Reinstra et al 1996, OECD 1997, Banister 2000, Roth and Käberger 2002, Schipper 
2002, Low and Gleeson 2003, etc. ). 
1.2 Sustainable transport and the need for assessment 
Given that sustainable transport has become a popular goal of transport planning, tools 
are necessarily required to enable policy makers and decision makers to assess and 
monitor whether transport systems are indeed progressing towards this goal. Sustainable 
transport is a broad, complex and multidimensional concept however, the assessment of 
which poses numerous challenges. A major problem is the sheer vastness of the data that 
would have to be considered to comprehensively assess the myriad of issues relevant to 
the. concept. The fact that transport's impacts are measured in different units is an 
additional problem. To be effective therefore, tools and mechanisms to assess sustainable 
transport must be capable of capturing the key dimensions of the concept and at the same 
must enable easy interpretation of the resultant information and data. 
Increasingly, sustainable transport indicators are proving useful for this purpose and have 
seen wide application both in the academic literature and in practice (see for example, 
Kupiszewska 1997, European Environmental Agency and Eurostat 1999, OECD 1999, 
Lautso and Toivanen 1999, Ricci 2000, Gilbert et al 2002, Black et al 2002, Borken 
2003, Gudmundson 2003 a, Imran and Low 2003, Minken et al 2003, Jones et al 2003, 
Nicholas et al 2003, etc. ). The attractiveness of indicators is largely due to their ability to 
provide informative signals for the multiplicity of issues inherent in considerations of 
sustainability. Logically, the indicators utilised in any given context will determine the 
types of decisions taken based on the issues they illuminate and the information they 
provide. Therefore, indicators must be selected carefully so that they illuminate only 
those issues that are key to sustainable transport and relevant to the context. Over the 
years, numerous sustainable transport indicators have been proposed. Consequently, 
2 
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when seeking to apply indicator-based assessment processes to monitor, gauge and 
communicate transport sustainability, policy makers and transport practitioners are faced 
with an endless choice of possible sustainable transport indicators. This poses a difficult 
problem for practitioners as selection of poor performance measures can lead to poor 
decisions and outcomes. There is therefore a significant need for a systematic approach to 
facilitate the identification of appropriate indicators and performance measures to guide 
sustainable transport assessment in any given context (Pratt and Lomax 1996). 
1.3 Statement of the problem 
While the verbiage and literature on sustainable transport is plentiful, and the use and 
application of sustainable transport indicators is widespread, examination of the literature 
and past work has revealed an absence of any robust, comprehensive and easy-to-use 
framework that enables the selection of appropriate sustainable transport indicators. 
Identifying high quality and appropriate sustainable transport indicators, like most 
decision making scenarios in transport planning, is a complex process which requires the 
balancing of multiple, and often conflicting objectives. Key considerations include 
ensuring their highest possible relevance to key principles of sustainable transport, as 
well as maximising their analytical soundness and practical applicability. Moreover, a 
key requirement in sustainability analysis is that the values of relevant stake-holders must 
be incorporated into the decision making process and that assessment must be inherently 
flexible to enable adequate recognition of the requirements and peculiarities specific to 
the context in which the indicators are applied. 
An analytical framework is therefore needed that provides a simplified, comprehensible 
and systematic process to aid the selection of key sustainable transport indicators in a 
way that assures accordance with relevant sustainability principles. Once the appropriate 
simplifications and assumptions to guide indicator selection are defined, such a 
framework can serve as a valuable operational tool for sustainable transport planning as it 
would facilitate an important, but currently lacking process (Van den Bergh 1996). 
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1.4 Research aims and objectives 
This research is based on the premise that for progress to be made towards sustainable 
transport, systems and mechanisms are required that will enable its operationalisation and 
assessment so that movement towards or away from sustainability can be ascertained and 
appropriate decisions taken. 
1.4.1 Overall aim 
Based on the above premise, the primary aim of this research is to develop and apply a 
generic and transferable methodological framework that will facilitate the selection of 
key indicators which can then guide the assessment and monitoring of the 
sustainability of a given transport system. 
The specific objectives of the research are as follows; 
1. To specify a vision for sustainable transport and draw on the literature and current 
practice to decompose the vision into generic objectives; 
2. To establish the role of assessment in sustainable transport planning and examine 
the adequacy of indicators as sustainable transport assessment tools; 
3. To identify key desirable characteristics of sustainable transport indicators and 
indicator-based sustainability assessment frameworks; 
4. To conduct an extensive critical examination of current approaches to selecting 
and identifying sustainable transport indicators in the literature and in practice; 
5. To devise a participatory framework for assessing and selecting key sustainable 
transport indicators in a way that maximises their desirable attributes; 
6. To demonstrate the framework with a practical application to England, UK. 
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1.5 Original contributions of the research 
Indicators and performance measures for sustainable transport up to now have largely 
been selected in an arbitrary manner. Even where formal frameworks are purported, these 
have lacked the ability to adequately incorporate the views of stake-holders or the 
flexibility to take consideration of the context to which the indicators are to be applied. 
The main output of this research is the Evaluative and Logical Approach to Sustainable 
Transport Indicator Compilation (ELASTIC), a methodological framework which 
provides a flexible, inclusive and systematic approach for selecting a suite of sustainable 
transport indicators for assessing the sustainability of a given transport system. 
The following are individual contributions of the research. 
1. A review of the various definitions of sustainable transport and identification from 
the literature of the key attributes of a sustainable transport system; 
2. Clear illumination of the importance of assessment in sustainable transport 
planning, and the adequacy of sustainable transport indicators as assessment tools; 
3. Specifications of gaps and needs in current research based on an extensive 
international review of approaches to sustainable transport indicator selection; 
4. A validated participatory, systematic and transferable methodological framework 
for identifying and selecting key sustainable transport indicators. 
1.6 Scope of the research 
The research presented in this thesis is primarily concerned with the assessment of 
sustainability within the road transport sector. Consequently, the formulation as well as 
the demonstration of the framework that makes up the main output of this thesis, are to 
road transport. However, ELASTIC is transferable and is capable of application at any 
spatial or geographical level. Moreover, while the application in this thesis is to road 
transport, the framework, with appropriate modifications, can also be applied for 
selecting sustainability indicators in any context. 
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1.7 Outline of the thesis 
The thesis is comprised of eight chapters including this introduction. All chapters follow 
a similar format. Each begins with a brief overview, followed by an introduction and 
detailed discussion of the topic that the chapter addresses. Each chapter culminates with a 
summary and review of the key points. 
The remaining seven chapters of the thesis are organised as follows: 
Chapter Two provides an introduction to the concept of sustainable transport. It 
commences with a brief discussion of sustainable development, in which sustainable 
transport has its roots. This is followed by a focused discussion of the concept of 
sustainable transport and examination of the various suggested definitions and 
interpretations. These are then used to derive a broad vision of sustainable transport for 
the purposes of this thesis. A similar review of the suggested objectives of sustainable 
transport is undertaken, resulting in them being clustered into five broad categories. 
Chapter Three examines the need for assessment and monitoring mechanisms in 
sustainable transport planning. The roles of indicators as monitoring tools and the 
importance of systematic frameworks to aid their selection is then discussed. The 
desirable attributes and qualities of good indicators as well as good indicator-based 
sustainability assessment frameworks are also established. 
Chapter Four presents a critical review of past applications of sustainability indicators. 
First, a brief review is undertaken of the application of indicator-based frameworks to 
assessment of the broader concept of sustainable development. This was necessary partly 
because sustainable transport has its origins in this broader concept, but also because a 
greater volume of work on sustainability indicators has been undertaken in this wider 
context. Following this broad review, a critical sector-specific examination is conducted 
of the application of indicators within sustainable transport planning. To draw together 
the key findings of the review, a Strengths-Weakness-Opportunities-Challenges (SWOC) 
analysis is conducted to illuminate the gaps and opportunities from the past applications. 
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Chapter Five presents the key contribution of the thesis, namely the Evaluative and 
Logical Approach to Sustainable Transport Indicator Compilation (ELASTIC), a 
methodological framework for systematically selecting and compiling a suite of 
indicators for assessing and monitoring the sustainability of transport systems. The 
principles underlying the ELASTIC framework and the inherent processes are described 
in detail. The various theoretical and methodological underpinnings of the framework, 
primarily multi-criteria decision analysis and monte carlo simulation, are also presented. 
Chapter Six describes the application of the ELASTIC framework to selection of suitable 
sustainable transport indicators for England, UK and its regions. To provide some 
background and to establish the suitability of ELASTIC for the application, the UK's 
sustainability and planning policy contexts are first discussed. Once the pertinence of the 
ELASTIC framework is established, the application is described in detail. This 
commences with a description of the initial large set of indicators entered into the 
process. Following this, the criteria against which the indicators are evaluated, as well as 
the surveys conducted to derived the necessary weightings, are discussed. 
Chapter Seven presents the results of the application of ELASTIC to England and 
describes the attendant analyses and the subsequent indicator selection process. The 
results of the surveys conducted to elicit stakeholder judgements are first described and 
multi-criteria decision analysis subsequently applied to derive numeric weights for the 
ELASTIC criteria and sub-goals. Once the indicators in the initial long list are evaluated 
against these weighted criteria, the Transport Sustainability Profile (TSP) -a small suite 
of the best performing sustainable transport indicators, is then derived for England. To 
further demonstrate the robustness and flexibility of the ELASTIC framework, the 
stakeholders surveyed are disaggregated into three broad spatial groupings and their 
values are used to derive TSPs specific to these broad regional groupings. 
Chapter Eight presents a summary of the research and describes the contribution of 
ELASTIC to current sustainable transport planning. Future work to enhance ELASTIC 
and sustainable transport assessment generally are also proposed. 
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1.7.1 Appendices to the thesis 
To support the content and the work presented in the thesis, 11 supporting 
documentations are appended to the thesis. These are as follows: 
Appendix Al: The pre-notification letter sent out to prospective survey participants 
informing them of the impending (first) questionnaire survey. 
Appendix A2: The `Guide to Completing the Questionnaire' sent out with questionnaires 
in the first stage of the survey process. 
Appendix A3: Generic version of the Cover Letter sent with questionnaires in the first 
stage of the survey process. 
Appendix A4: The actual questionnaire sent out to Transport Planners in the first survey. 
Appendix A5: The actual questionnaire sent out to Academics in the first survey stage. 
Appendix BI: The pre-notification letter sent out to prospective survey participants 
informing them of the impending (second) questionnaire survey. 
Appendix B2: The `Guide to Completing the Questionnaire' sent out with questionnaires 
in the second survey stage. 
Appendix B3: Generic version of the Cover Letter sent with questionnaires in the second 
survey stage. 
Appendix B4: The questionnaire sent out to Transport Planners in the second survey. 
Appendix B5: The questionnaire sent out to Academics in the second survey stage. 
Appendix Cl.: Normalised outcome scores assigned to indicators in the initial long list. 
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CHAPTER TWO: The concept of sustainable 
transport 
2.0 Overview 
The concept of sustainable transport has its origins in the wider concept of sustainable 
development. Consequently, this chapter commences with a discussion of sustainable 
development in the broader sense. This is then followed by a sector-specific and more 
focused discussion of sustainable transport. Among other things, a broad vision for 
sustainable transport is established and the key objectives of the concept ascertained. 
2.1 The concept of sustainable development 
The expression `sustainable development' was first used in its current context in 1980 by 
the International Union for the Conservation of Nature and Natural Resources (IUCN), in 
a publication titled `World Conservation Strategy' (IUCN 1980). Among other things, the 
strategy stated that; `for development to be sustainable it must take account of social and 
ecological factors, as well as economic ones; of the living and non-living resource base; 
and of the long term as well as the short term advantages and disadvantages of alternative 
actions' (IUCN 1980, p. 23). 
Current understanding and popularity of the concept of sustainable development 
however, can be attributed directly to the United Nations' World Commission on 
Environmental Development (WCED) report, Our Common Future (WCED 1987)', 
which spawned the oft-quoted definition of sustainable development as `development that 
meets the needs of the present without compromising the ability of future generations to 
meet their own needs' (WCED 1987, p. 23). Central to the WCED's definition was an 
emphasis on the integration of economic, environmental and social goals, and a 
requirement that they be addressed equally, both for present and future generations. 
'This report is also popularly known as the `Brundtland Commission report' after former Norwegian Prime 
Minister Dr Gro Harlem Brundtland, who was chair of WCED at the time of publication. 
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The underlying tenet is that there are social and physical/ecological limits to economic 
growth and that patterns of consumption, growth and development must be held within 
what is ecologically and socially feasible, so that future generations are bequeathed 
adequate resources to enable them to continually enhance their quality of life. 
In 1992, nearly 180 countries met at the 'Earth Summit' in Rio de Janeiro to discuss how 
to achieve sustainable development. The key outcome of this meeting was the `Rio 
Declaration' subsequently elaborated through Agenda 21 (United Nations 1992), which 
identified the various issues and areas that have to be addressed for progress to be made 
towards sustainable development. While it does not specify how to bring about 
sustainable development, Agenda 21 suggests several key principles that are integral to 
achieving the policy goal. Some of the most often quoted principles are shown in Box 2-1 
below. 
Equity 
The right to development must be fulfilled in a way that equitably meets the 
developmental and environmental needs of present and future generations. 
Participation 
Sustainable development issues are best addressed with the participation of all 
concerned citizens, at the relevant level. 
Specificity of context 
Legislation, standards, management objectives and priorities should reflect the specific 
developmental context to which they apply. Standards applied in some areas may be 
inappropriate and unwarranted in others. 
Polluter pays 
External costs should be internalised through the use of economic instruments, with 
a view to ensuring that the polluter bears the cost of pollution, with due regard to the 
public interest and without distorting international trade and investment. 
Box 2-1: Select principles of sustainable development as stated in Agenda 21 
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In 2002, representatives of the world assembled again at the Rio + 10 World Summit on 
Sustainable Development in Johannesburg, South Africa, at which they reaffirmed the 
commitment to sustainable development and the associated principles previously agreed 
at the 1992 Rio Summit (United Nations 2002). 
2.1.1 An abundance of definitions of sustainable development 
Since the WCED's definition, numerous other definitions of sustainable development 
have been proposed. Moffatt et al (2001) estimate that the definitions number in the 
hundreds. Some of them are simple, such as the UK government's assertion that 
sustainable development is `development that ensures a better quality of life for everyone, 
now and for generations to come' (DETR 1999 a). Goodland (1995) on the other hand, 
distinguished between `environmental sustainability', `economic sustainability', `social 
sustainability' and `sustainable development'. He defined environmental sustainability as 
the maintenance of life-support systems (both sinks and resources), economic 
sustainability as the economic tantamount of environmental sustainability, being defined 
as the maintenance of economic capital, and social sustainability as the maintenance of 
social capital. Sustainable Development is then taken to be the integration of all three 
dimensions of sustainability. The integration of the different dimensions of sustainability 
in a way that does not reduce their total sum is a popular interpretation of sustainable 
development among Ecological Economists (see for example Pearce and Atkinson 1993, 
Pezzey 1996, Pearce and Barbier 2000, etc. ). This interpretation of sustainability has its 
theoretical roots in the Hicksian definition of income (Hicks 1939), that is, `the amount of 
income that can be spent without reducing real consumption in the future'. Using this 
general ideology, interpretations based on the Hicksian definition of income take 
development to be sustainable when the combined levels of social, environmental and 
economic sustainability are such that the sum of all three is not reduced. 
Some writers however, unwittingly limit the concept of sustainability to the 
environmental aspects. Hawken (1993) for example suggested that sustainability is 
achieved when `the demands placed on the environment by people and commerce can be 
met without reducing the capacity of the environment to provide for future generations'. 
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Despite their multiplicity, the various definitions of sustainable development are 
fundamentally similar in that they all tend to be based on the underlying premise that `a 
sustainable system is one which survives or persists' (Costanza and Patten 1995). 
Moreover, there are several common themes that run through the many definitions. These 
themes include enhanced equality of opportunity, inter and infra generational equity, 
respecting ecological limits and minimising environmental damage, improvements in 
societal welfare and health and the maximisation of economic growth. 
2.1.2 Achieving the goal of sustainable development 
Promulgation of sustainable development as a policy goal, can give the impression that it 
is an ideal and definitive end state. There is increasing consensus in the modern 
sustainable development literature however, that sustainable development is not a `fixed 
end state of harmony' (see for example, Shearman 1990, Shriberg 2002). Rather, as 
described by Hodge and Hardi (1997), `it is an ongoing process of evolution in which 
people take actions leading to development that meets their current needs without 
compromising the ability of future generations to meet their own needs'. 
2.2 Transport in the context of sustainable development 
There is increasing recognition that the transport sector has an important role in 
determining progress towards sustainable development (Gudmundsson and Höjer 1996, 
OECD 1997, Banister 2000, Geerlings 2003, Bayliss 2004). Transport's importance in 
this context stems from the fact that it permeates a vast number of human activities and 
therefore has implications on a number of processes and issues that are key to sustainable 
development. As previously stated, sustainable development is often interpreted as the 
integration of environmental, social and economic concerns (Pope et al 2004). In order to 
briefly highlight the importance of transport within the context of sustainable 
development, a summary overview of the implications of transport on each of these three 
dimensions is presented below. It should be noted however that this review is by no 
means comprehensive and is intended only to provide a general insight into the wide 
variety of transport impacts that exist. 
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2.2.1 Environmental impacts of transport 
The impacts of road transport on the environment are well documented (see for example, 
Royal Commission on Environmental Pollution 1994, Hensher and Button 2003, Safonov 
2003). For ease of discussion, the various impacts of road transport on the environment 
are classified here into two categories, namely resource use and environmental pollution. 
2.2.1.1 Resource use 
Road transport is a significant consumer of natural resources, some of which are non- 
renewable. Since non-renewable natural resources have no regeneration capacity, their 
use is inherently unsustainable. However, the rate of use can, in theory, be controlled to 
accommodate developments of substitutes and alternatives or more efficient technologies. 
As discussed in the sub-sections below, the non-renewable resources whose consumption 
for transport purposes is of most concern are land and fossil fuel. 
Land use 
Road transport is a major consumer of land, which is required to meet spatial needs for 
roads, parking spaces, etc. (Akinyemi and Zuidgeest 2002). The Royal Commission on 
Environmental Pollution (1994) estimates that roads alone take up a fifth of the surface of 
urban areas in the UK. Within urban areas, high proportions of land are devoted to 
transport that could be used for other development or be kept intact for aesthetic and 
other purposes. Outside urban areas, transport infrastructure can destroy or disrupt natural 
habitats and adversely affect ecological balance, as well as take up arable land that could 
be used for agricultural purposes. 
The problem can become cyclic. The provision of roads, by attracting and 
accommodating induced traffic, can encourage low-density developments and consequent 
urban sprawl which in turn creates more demand for new land and resources (Newman 
and Kenworthy 1989, Kenworthy and Laube 1999, Noland 2001). Similarly, where 
infrastructure takes up agricultural land, importation of agricultural produce from other 
regions is necessitated, thus creating further demand for transport infrastructure. 
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Fossil fuel Use 
Road transport is a significant consumer of energy, the predominant source of which is 
fossil fuels (Browning et al 1998). Cooper et al (2001) have shown that urban sprawl and 
current transport patterns are exacerbating such consumption, an inherently unsustainable 
phenomenon since fossil fuels are essentially non-renewable. Indeed, alternatives to fossil 
fuels are emerging, but fossil fuels continue to be used more quickly than renewable 
substitutes are being developed and adopted (Daly 1990, OECD 1996). 
2.2.1.2 Environmental pollution 
The combustion of fossil fuels to provide energy for propulsion of motor vehicles results 
in several kinds of emissions into the atmosphere. These include Carbon Monoxide (CO), 
Nitrogen Oxides (NO,, ), Volatile Organic Compounds (VOCs), Particulates (PM1o), 
Sulphur Oxides (SOX) and Carbon Dioxide (COZ). Many of the emissions from road 
transport have direct impacts on human health as well as various global and local effects 
on the environment (for a more detailed discussion of these impacts see Moon 1994, 
Poulton 1994, Bechtold 1997, Leiby 2001, Beer et al 2002, Mediavilla-Sahagün and 
ApSimon 2003, Parkhurst 2004, etc. ). 
Global Impacts 
The release of carbon dioxide (C02) into the atmosphere - an almost inevitable 
consequence of the combustion of fossil fuels has important global implications. Carbon 
dioxide is the principal anthropogenic `greenhouse gas', a family of pollutants that absorb 
and trap heat from the earth's surface that would otherwise have been radiated into space. 
Recent analyses suggest that the earth's temperature is currently rising at a rate of up to 
3° C per 100 years (Karl et al 2000). The Intergovernmental Panel on Climate Change 
(2001) reports that CO2 alone is responsible for two-thirds of current enhancements in the 
greenhouse effect. Among other things, global warming causes increased variability and 
extremity in weather patterns, raised sea levels, expansion of deserts, spread of vector- 
borne diseases, and widespread destruction of plants, animals and ecosystems (OECD 
1997). 
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2.2.2 Social impacts of transport 
While the environmental effects of transport highlighted in the previous section are for 
the most part negative, the social impacts are more of a mixed nature - having a 
combination of positive and negative effects. This subsection proceeds by first examining 
the social benefits, followed by a similar exposition of the socially detrimental effects. 
2.2.2.1 Social benefits of transport 
Transport is a `means to an end' and as such serves a valuable role in providing society 
and individuals with the spatial access necessary to meet their social and economic goals. 
The list of services and societal needs to which transport enables access is inexhaustible. 
Among the primary examples however, are housing, education, leisure activities and 
employment. Transport also enables participation in the political and economic processes 
and provides access to essential services such as medical care (Friedmann et al 2001). An 
additional social benefit of transport is the `personal independence' that it endows. 
Transport allows people to venture into places and do things that they would otherwise be 
unable to do. It has been especially pivotal in cementing the woman's role in society 
(Pazyllan and Pintzov 1996, Bravo 2002). 
2.2.2.2 Adverse social impacts of transport 
Despite its fundamental importance in providing an essential service to society, transport, 
unfortunately, also has various adverse effects on the very society it often serves so well 
(Lyons 2004). Some of these negative impacts are examined below. 
Perpetuation of inequity 
Given the generally perceived positive contribution to economic growth, transport 
improvements should theoretically make everyone collectively 'better-off. However, this 
is not always the case. In most of the world, the road transport sector has been narrowly 
focused on providing roads and attendant infrastructure for motorised traffic. This has 
been a cause and an effect of increased car dependence, which in turn tends to displace 
non-motorised transport modes such as walking and cycling, and their users. The narrow 
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focus on car users has also reduced the viability and therefore the levels of service and 
availability of public transport for those requiring it most, who invariably tend to be the 
poor, disabled, children and others who are unable to manoeuvre or afford a car. The 
consequent inadequate mobility suffered by non-drivers and the poor manifests itself in 
reduced access among these groups to education, employment, income security and other 
necessary services and processes (Cervero 1999, Waldorf 2003). 
Furthermore, the various positive and adverse impacts of transport (be it environmental, 
social or economic) are not equally or randomly distributed throughout society, but 
follow the well established lines of structural social inequality (Hamilton and Jenkins 
1992). It is often the poor, for example, who are displaced by the expansion of right-of- 
way for transport infrastructure and also the poor who are less able to afford increased 
prices as public transport struggles to provide services due to decreased demand and 
profits. Cyclic poverty is therefore perpetuated as the poor are unable to access job 
locations because of transport deficiencies which they cannot overcome because of their 
lack of income (World Bank 1996 a). 
Social disruption and exclusion 
Transport infrastructure frequently creates physical and psychological barriers which 
divide communities (Egan et al 2003). Additionally, high speeds and volumes of traffic 
can inhibit pedestrians and cyclists from crossing or travelling alongside roads, and the 
noise, pollution and danger associated with heavy traffic can discourage people from 
using local facilities or visiting each other. Such `severance' caused by road traffic and 
related infrastructure therefore disrupts the life of communities. Additionally, the 
attendant decrease in pedestrian activity that it causes, has an adverse impact on cohesion 
and solidarity in communities and therefore reduces social capital (Appleyard et al 1972, 
Leyden 2003). 
A related impact of current transport systems is social exclusion, defined by Walker and 
Walker (1997) as the `dynamic process of being shut out, fully or partially, from any of 
the social, economic, political and cultural systems which determine the social integration 
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of a person in society'. Invariably caused by the marginalisation of certain sections of 
society, this phenomenon is exacerbated by the decreased availability and accessibility, 
inadequate safety and security, high costs and poor information that are pervasive 
features of current transport systems (Social Exclusion Unit 2003). 
Excessive number of fatalities and adverse effects of human health 
Road traffic accidents are the cause of numerous deaths and fatalities globally. Of great 
concern is the fact that currents trends do not portend for amelioration of this 
phenomenon. Recent studies by Pucher and Dijkstra (2003) for example, have shown that 
greater motorisation results in greater risks to users of non-motorised modes such as 
walking and cycling. Moreover, Ewing et al (2003) have shown a strong correlation 
between urban sprawl and the incidence of traffic accidents. 
As has been alluded to previously, emissions from transport have direct consequences on 
human health (Dora and Phillips 2000, Haines et al 2000). Traffic noise and dependence 
on motorised transport also result in various other ailments, such as insomnia, obesity and 
deterioration of mental health (Frumkin 2002, Egan et al 2003, Saelens et al 2003). 
2.2.3 Economic impacts of transport 
Transport delivers access, services and goods that enable economies to function. 
Transport is therefore of key importance to the growth and maintenance of a vibrant 
economy. Some of the various economic benefits of transport are described below. 
Employment benefits 
Transport provides access to work and as such, has considerable impact on the 
employment growth value and the total earnings growth value (Ozbay et al 2003). Road 
transport as a sector also provides direct employment in vehicle manufacturing, driving 
and logistics. The economic benefits of road transport employment are further enhanced 
by the knock-on effect that occurs when individuals directly employed in transport spend 
and invest their earnings within the local, and national economies (Keane 1996). 
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Growth of the local economy 
Road transport facilitates the import and export of goods, a role that is essential for the 
survival of any economy. A large proportion of 20`' century industrial growth for 
example, can be directly attributed to the flexibility of road transport (Tolley 1996). 
Moreover, transport provides high quality access to labour, suppliers and customers, and 
enables firms to save inventory costs by using just-in-time delivery techniques, which are 
based on minimising inventory while maximising the use of efficient and timely delivery. 
As such, good dependable transport services allow businesses to receive inputs to 
production facilities and to transport finished goods to their markets in an efficient 
manner. It is therefore of no surprise that the existence of adequate transport 
infrastructure is a key determinant of industry location (Leitham et al 2000). Forkenbrock 
and Foster (1990) have also shown that because investment in transport infrastructure 
lowers transport costs, the existence of adequate transport facilities can serve to attract 
economic activity from competing regions. 
2.2.3.1 Adverse economic impacts of transport 
Despite its importance for economic growth, transport does have some adverse economic 
effects. The two most important are the massive financial costs that it necessitates and the 
pervasive non-payment of full costs by transport users. 
Cost of transport investment 
Transport investment accrue huge financial costs to tax payers, which are often 
exacerbated by poor forecasts and planning, and thus high levels of inefficiencies 
(Skamris and Flybjerg 1997, Odeck 2004). In addition to the real financial costs to tax 
payers, transport also incurs high `opportunity costs', that is, the monies invested in 
transport that could be spent on other activities beneficial to society such as the reduction 
of pollution and the education of citizens. The incurrence of `opportunity costs' is 
especially pertinent within the context of transport as transport investments account for a 
major percentage of governments' expenditure worldwide. Such funds could be invested 
in other areas and programmes where there may be a more dire need. 
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Non-payment of full costs of transport use 
Transport users do not currently bear the full costs of their transport activities. Road 
transport incurs various external costs on society that are not accounted for by individuals 
benefiting from such transport use (Schipper and Sperling 1994, Pearce et al 1996, 
Mayeres et al 1996, Forkenbrock 2001). Such external costs are caused by the 
combination of the various adverse environmental, social and economic impacts of 
transport which represent costs to third parties and natural entities that suffer as a 
consequence. It is these costs that should be borne by individuals benefiting from the 
transport activity. Typically however, transport users only pay the private costs of vehicle 
use, totally ignoring the other costs. Such non-payment of full social costs results in 
pareto inefficiency in transport markets (Pigou 1920). As the perpetrators of transport 
externalities need not pay the full costs, `the invisible hand' that maintains market 
egiulibrium based on the relationship between price, demand and supply cannot function 
in the true sense. Since there is no economic incentive to take into account the negative 
effect of their transport decisions on others, there is an execessive demand and supply of 
transport activities that cause negative externalities such as pollution, and an under- 
supply and lack of demand for activities that create positive externalities, such as cycling, 
or those that minimise externalities, such as public transport. 
2.3 The concept of sustainable transport 
As demonstrated in the previous sections, transport has significant implications on the 
environment, society and the economy, and as such is important to achieving the wider 
goal of sustainable development. Current and forecasted transport trends are incompatible 
with the underlying tenets of sustainable development however, as the negative impacts 
of transport present significant environmental, economic and social threats to present and 
future generations. Over the past two decades, these many adverse effects of transport 
have been widely recognised and there is now general consensus that current transport 
trends cannot continue and that fundamental changes in the planning, design, and 
operation of transport systems are needed (Banister and Button 1993, Whitelegg 1993, 
Nijkamp 1994, Black 1996, Greene and Wegener 1997, DETR 1998, May et al 2003). 
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The popularity of sustainable development as a policy goal and the increasingly 
recognised need for curtailing and managing transport's adverse impacts, have converged 
to form a wide interest in the concept of `sustainable transport'. The emergence of this 
concept has had profound implications on transport planning, and sustainable transport is 
now a ubiquitous expressed and fundamental goal of transport planning globally. 
The popularity and significance of the concept of sustainable transport in the current 
planning context is reflected, inter alia, by the plethora of strategies, policies, Green 
Papers, White Papers, research articles and theses that have been published by 
international organisations, governments, academics and practitioners, all advocating a 
shift towards the new paradigm of sustainable transport and proposing measures through 
which it can be achieved (see for example, European Commission 1992, World Bank 
Group 1996, Reinstra et al 1996, OECD 1997, Banister 2000, European Commission 
2001, Roth and Käberger 2002, Schipper 2002, Low and Gleeson 2003, etc. ). 
2.3.1 An abundance of definitions of sustainable transport 
While generally taken to be the expression of sustainable development in the transport 
sector, there is currently no consensus on a specific and single definition of sustainable 
transport. As with its predecessor - the broader concept of `sustainable development', 
numerous definitions of sustainable transport appear in the literature and in practice. 
As was similarly the case with the broader concept of sustainable development, early 
definitions of the concept (for example, Nijkamp 1994, Greene and Wegener 1997) 
placed an emphasis on the environmental dimensions and impacts of transport. Generally 
however, more recently proposed definitions of sustainable transport tend to take due 
consideration of the environmental, social and environmental dimensions. 
A typology of some proposed definitions of sustainable transport are shown in Box 2-2 
below. 
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`Mobility or traffic movement that enables transport to fulfil its important economic and social 
functions while at the same time limiting its detrimental effect on the environment. ' 
(European Commission 1992) 
`Satisfies current transport and mobility needs without jeopardising the ability of future 
generations to meet these needs. ' 
(Black 1996) 
A sustainable transport system is one that. 
- allows the basic access needs of individuals and societies to be met safely and in a manner 
consistent with human and ecosystem health, and with equity within and between 
generations; 
- is affordable, operates efficiently, offers choice of transport mode, and supports a vibrant 
economy; 
- limits emissions and wastes within the planet's ability to absorb them, minimises consumption 
of non-renewable resources, reuses and recycles its component, and minimises the use of 
land and the production of noise. 
(Centre for Sustainable Transport 2002) 
`A transport system through which people's needs and desires for access to jobs, commerce, 
recreation, culture and home are accommodated using a minimum of resources. ' 
(Sustainable San Francisco 1997) 
A sustainable urban transport and land use system provides access to goods and services in an 
efficient way for all inhabitants of the urban area, protects the environment, cultural heritage and 
ecosystems for the present generation, and does not endanger the opportunities of future 
generations to reach at least the same welfare level as those living now, including the welfare 
they derive from their natural environment and cultural heritage. ' 
(May et a12001) 
'A transport system and transport patterns that can provide the means and opportunities to meet 
economic, environmental and social needs efficiently and equitably, while minimising avoidable or 
unnecessary adverse impacts and their associated costs, over relevant space and time scales. ' 
(EXTRA Project 2001) 
Box 2-2: A typology of proposed definitions for sustainable transport 
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2.3.1.1 The vision of sustainable transport for the purposes of the research 
The absence of a single unambiguous definition of sustainable development, and by 
extension sustainable transport, has been bemoaned by some authors (see for example, 
Lele 1991, Costanza and Patten 1995, Fortune and Hughes 1997). The lack 
of a single and unambiguous definition is not viewed as a major deterrent in the context 
of this research however. A key tenet of sustainable development and sustainability 
analysis - as shown in Box 2-1, is that it must reflect context and as such, interpretations 
will be dependent on time and place. Different individuals will interpret sustainability 
differently, based on their specific circumstances (Mitchell 1996). Consequently, Kidd 
(1992) argues that `there is not, and should not be, any single definition of sustainability 
that is more logical and productive than other definitions'. 
What is therefore needed is a non-rigid, guiding `vision' that clearly states a desired 
general direction for sustainable transport, but falls short of specifying how such 
movement will be achieved, and which allows adequate flexibility to accommodate 
contextual customisation. Indeed, the susceptibility of Brundtland's definition of 
sustainable development (WCED 1987) to a variety of definitions, has been criticised 
over the years. Due to the afore mentioned context-specificity of sustainability however, 
and the desirability of place and time-specific interpretations, the spirit of Brundtland's 
definition is viewed to form an adequate basis for formulation of a vision of sustainable 
transport to guide this research. Among other things, the utility and resilience of 
Brundtland's definition is evident by the fact that although coined in the 1980's, it is still 
by far, the most popular interpretation of sustainable development. 
Given the obvious strengths WCED's broad definition, the vision for sustainable 
transport presented in this thesis is an interpolation of Brundtland's definition to the 
transport context. Stated formally, the vision for sustainable transport is to achieve... 
`an ongoing process which enhances the ability of transport systems to meet the 
transport and mobility needs of the present generation without jeopardising the 
ability of future generations to meet their own mobility (and other) needs. ' 
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2.4 Objectives of sustainable transport 
Given the deliberate and inherent vagueness of the vision of sustainable transport 
specified above, the key task then becomes to operationalise it in a way that is clear, 
meaningful and which can guide policies and decisions. The approach in this thesis is to 
operationalise and elucidate the vision by decomposing it into key objectives of 
sustainable transport. For sustainable transport to be achieved, transport patterns and 
trends would then have to be moving in a way conducive to the objectives being met. 
To ascertain the types of objectives that have been proposed for sustainable transport in 
the literature and in practice, an intensive review of the academic literature and 
sustainable transport plans was undertaken (Table 2-1 highlights some of the sources 
reviewed). While indeed the resultant set of objectives were numerous, there were clearly 
some common themes running through them which could aid in their classification. 
The PROSPECTS Project (May et al 2001) had previously suggested six overarching 
objectives for sustainable transport as shown in Box 2-3 below. 
1. Economic efficiency 
2. Livable streets and neighbourhoods 
3. Protection of the environment 
4. Equity and social inclusion 
5. Safety 
6. Support of economic growth 
Box 2-3: Objectives for Sustainable Transport proposed by the PROPSECTS project 
When the PROSPECTS objectives were reduced to five by combining the objectives 
Economic Efficiency and Support of economic growth into a single objective - 
Support of a vibrant and efficient economy, and Safety expanded to Health and 
Safety, it was found that they could serve useful as overarching objectives under which 
the myriad objectives suggested in the literature and practice can be neatly categorised as 
shown in Table 2-1 below. 
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2.4.1 Generic objectives of sustainable transport used in this research 
Given the reasonable fit of the various objectives of sustainable transport within the 
taxonomy above, the overarching objectives shown in Table 2-1 are used in this 
research as the key generic objectives for operationalisation of the broad vision of 
sustainable transport proposed in section 2.3.1.1 above. 
In order to adequately reflect the numerous other objectives that they are taken to 
incorporate, the five overarching objectives are defined as shown in Box 2-4 below. 
i) Livable Streets and Neighbourhoods: A sustainable transport system should be 
designed and operated in a way that enhances the physical, aesthetic and other 
special characteristics of the area, such that it supports community identity and comfort 
and encourages social, cultural and recreational activity within the community. 
ii) Protection of the Environment: A sustainable transport system should minimise 
natural resource consumption, ensure the preservation of vital habitats and reduce 
transport-related emissions and wastes that affect the global climate, biological 
diversity and the integrity of essential ecological processes. 
iii) Equity and Social Inclusion: A sustainable transport system should contribute to 
both social and spatial equity by meeting the basic mobility needs of all social, 
economic and geographical groups, and providing them with access to a full range of 
facilities, services and activities. 
iv) Health and Safety: A sustainable transport system should be designed and operated 
in a way that minimises hazards to health, the incidence and fear of transport-related 
crime, and the numbers, severity and risks of traffic accidents to all transport users. 
v) Support of a Vibrant and Efficient Economy: A sustainable transport system should 
support a vibrant economy and contribute to economic growth while simultaneously 
supporting market mechanisms that promote fuller cost accounting which reflect the 
true social, economic and environmental costs of activities. 
Box 2-4: Overarching objectives of sustainable transport for purposes of this thesis 
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2.5 Summary 
Sustainable development, now a fundamental policy goal of governments, planners 
and policy makers worldwide, is concerned with minimising the adverse impacts of 
development with a view to ensuring that an adequate quality of life and resources can 
be bequeathed to future generations. Transport has major implications on the 
environment, society and economy, and as such has important implications on the 
wider concept of sustainable development. It is now very clear that recent and current 
transport trends, characterised by increasing motorised traffic, are incompatible with 
the principles of sustainable development. Recognition of this problem, combined 
with a desire to redress these patterns, have converged into the new paradigm of 
sustainable transport. As with the its predecessor, sustainable development, there is 
currently no consensus on the definition of the concept, and indeed, numerous 
suggestions have been proposed. To operationalise the concept of sustainable 
transport therefore, many authors and organisations have decomposed it into key 
objectives. A review of the many suggested objectives showed that they can be 
classified under five generic overarching themes, namely Livable streets and 
neighbourhoods, Protection of the environment, Equity and social inclusion, 
Health and safety, and Support of a vibrant and efficient economy. These are 
therefore taken to be the generic objectives of sustainable transport for the purposes of 
this research. However, as sustainable transport is time and place dependent, their 
applicability, relative importance and specific interpretations, will depend on the 
context in which the given transport system is placed. 
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CHAPTER THREE: Indicator-based assessment of 
sustainable transport 
3.0 Overview 
The aims of the research were presented in Chapter one and the concept of sustainable 
transport introduced in Chapter two. This chapter builds on both by discussing the 
need for assessment in sustainable transport planning and the roles that indicators can 
play in facilitating such assessment. The need for systematic and robust frameworks 
for assessment and indicator selection are also discussed and desirable characteristics 
of such frameworks established. 
3.1 Introduction 
Chapter two has shown that sustainable transport is now a popular goal of transport 
planning globally and has become the key aspiration of many recent transport 
strategies and policies. As with any goal or aspiration, it is imperative that systems 
exist to measure, assess and monitor trends towards sustainability, so that decision 
makers and policy makers can be regularly informed of their success towards 
achieving this stated goal (Mitchell et at 1995, Lombardi and Brandon 1997, Foxon et 
at 1999, Hardi and DeSouza-Huletey 2000, Tweed and Jones 2000, Brunner and 
Stark12004, Pope et at 2004). To echo Roberts (1995), `if you cannot measure it, you 
cannot manage it'. Assessment is especially imperative in the context of sustainability 
as it is an inherently very complex and broad concept and as such requires consistent 
and clear mechanisms to aid decision makers and planners' in gathering, compiling 
and analysing the extensive data in a way that clarifies and supports sustainable 
planning and strategy design (United Nations 2001). The need for information to 
guide decision making at all levels of sustainability management and planning was 
recognised by the WCED (1987) as well as the Rio Summit (United Nations 1992), 
and has been reaffirmed by the `Rio +10' conference held in Johannesburg, South 
Africa, 2002, which called for `specific activities, tools, policies, measures and 
monitoring and assessment mechanisms', to aid sustainable decision making and to 
gauge progress towards sustainability (United Nations 2002). 
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Corollary to the increased importance and popularity of the concept of sustainable 
transport therefore, is a critical need for appropriate approaches for assessing progress 
towards the goal, in a way that is practical, transparent, systematic and which takes 
into account the various objectives of sustainable transport, as well as the trade-offs 
and potential synergies between them. 
3.2 Benefits of sustainable transport assessment 
Assessment can be predictive, real-time, or retrospective. Predictive assessment may 
be undertaken at the early stages of the transport planning process in order to ascertain 
the future impacts that a package of policies or measures will have on transport 
sustainability. Similarly, during actual implementation of the policies and measures, 
assessment can provide valuable feedback and information for monitoring their 
impacts on issues and factors relevant to transport sustainability. Retrospective 
assessment on the other hand, is the post-evaluation of the sustainability performance 
of a transport system over a defined time period or subsequent to the implementation 
of a package of measures or policies. Adequately conducted assessment can therefore 
serve useful in guiding decisions at all levels of sustainable transport decision-making 
and planning as shown in Figure 3-1 below. 
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Figure 3-1: Roles of assessment at different stages of sustainable transport planning 
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Some of the specific benefits that assessment can provide for sustainable transport 
planning are as follows: 
" Illuminating progress towards sustainable transport 
The primary goal of sustainable transport assessment is to enable decision makers to 
monitor and evaluate performance in achieving objectives and targets. While it is not 
necessary to know an exact end point for sustainability, an essential condition for 
assessment is to establish a desirable direction for change (Hodge and Hardi 1997). 
Once the issues and components that are essential to the viability and sustainability of 
the system are identified, assessment provides a frame of reference to identify if 
change has occurred and sets a context for judging whether the change is good or bad. 
" Operationalising the concept of sustainable transport 
Sustainable transport is a fuzzy concept and a relatively new policy goal. As such, if 
its attendant challenges and key ingredients are not fully explored and clearly defined, 
there is a risk that the goal will remain nothing more than a bland set of exhortations 
unconnected to realities. Sustainable transport must therefore be operationalised in 
order to provide policy-makers with useful and practical information which can then 
guide their decisions (European Commission 2001). The outputs of appropriately 
conducted assessment will necessarily be linked to key elements of sustainable 
transport. By illuminating the key aspects of the concept, assessment can therefore aid 
in enhancing stakeholders' understanding of sustainable transport in operational and 
practical terms. 
" Guiding sustainable transport planning, policy-making and benchmarking 
Assessment enables trends in the problems, and in overall performance sustainable 
transport strategies, to be determined (May et al 2003). As such, it can help to inform 
policy choices and illuminate the necessary corrections needed in response to 
identified trends (Kelly 1997). Furthermore, assessment provides an empirical and 
quantitative basis for benchmarking and evaluating the performance of alternative 
policy options and facilitates comparisons over time and across space (Gudmundsson 
2003 b). Such information can provide a sense of direction for decision makers when 
selecting or ranking policy alternatives. 
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" Facilitating communication and stakeholder participation 
By providing clear measures, the outputs from sustainable transport assessment can 
prove useful for communicating to stakeholders the sustainability performance of a 
transport system. Moreover, adequately conducted assessment can enhance the 
transparency of decisions and facilitate participation (Hardi and DeSouza-Huletey 
2000). When used to decide on alternatives for example, robust assessment will 
provide an auditable trail which clearly shows how a choice is reached, enables pros 
and cons to be viewed, and facilitates open negotiation and debate (Bentivegna 1997). 
" Provides a perspective of the transport system within the broader context 
The transport system is only one of many sub-systems within the broader context of 
sustainable development. By assessing the sustainability of the transport system 
therefore, a sense of the magnitude of transport's impacts on broader sustainable 
development, relative to other sectors, can be ascertained. 
3.3 Challenges to transport sustainability assessment 
Assessing the sustainability of sustainable transport is a challenging task. A key issue 
is the ambiguity of the concept of sustainability and the fact that it incorporates 
multiple and often conflicting objectives. The multiplicity of issues and impacts, the 
differing contexts and the diversity of values and view points that have to be 
considered also pose formidable challenges. Sustainability measurement mechanisms 
are required to not only capture and reflect the key features of the system but also the 
interactions among the social, economic, and environmental dimensions. Moreover, 
they are required to present the different types of information, with differing 
measurement units in a way that provides a coherent and balanced message. 
Given all the foregoing, it is clear that assessing the sustainability of transport systems 
in a way that ensures that the pre-requisites of practicality, acceptability, accuracy, 
soundness of logical base and completeness are met is an immensely difficult task 
(Bentivegna 1997). It is a challenge that must be met however, as assessment is sine 
qua non for improving the quality, credibility and direction of sustainability decisions 
(Spellerberg 1991, Lombardi and Brandon 1997). 
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3.4 Indicators as sustainable transport assessment tools 
Determining whether a transport system is on a desired course to sustainability 
requires an assessment process facilitated by tools that can adequately supply decision 
makers with informative signals on the multiplicity of inherent issues. 
Indicators have been advanced by many authors as being appropriate tools for 
monitoring and assessing sustainability (see for example, Kuik and Verbruggen 1991, 
Opschoor and Reinjnders 1991, Reid 1995, Mitchell 1996, Farrel et al 1998, Bell and 
Morse 2000, Valentin and Spangenberg 2000, Abolina and Zilans 2002, Hens and De 
Wit 2003, Zhang et al 2003, etc. ). 
Also worthy of note is the fact that Agenda 21 specifically placed a requirement on 
signatory states to develop `indicators of sustainable development ... to provide solid 
bases for decision making at all levels' (Chapter 40 of Agenda 21, UN 1992 ). Since 
the implementation of Agenda 21, numerous countries, organisations and municipal 
governments have developed indicator sets (NTREE 2003, UK DETR 1999, UK 
DEFRA 2004). Indicators have also been applied to the assessment of sustainability in 
specific sectors, including Agriculture (Pacini et al 2003, Piorr 2003), Urban Planning 
(Alberti 1996, Huang et al 1998, Foxon et al 1999, Lindsey 2003), Land Use 
Management (Cornforth 1999, Haberl et al 2004), Mining and Minerals Industry 
(Azapagic 2004), Forestry Management (Karjala et al 2004, McDonald and Lane 
2004), Water Resources Management (Kondratyev et al 2002, Giupponi et al 2004), 
Tourism Management (Miller 2001), and Production Industries (Velava 2001). 
Indicators have also been widely applied to sustainability assessment in the transport 
context (notable examples include Kupiszewska 1997, European Environment 
Agency and Eurostat 1999, OECD 1999, Lautso and Toivanen 1999, Ricci 2000, 
Black et al 2002, Gilbert et al 2002, Borken 2003, Gudmundson 2003 a, Imran and 
Low 2003, Jones et al 2003, Minken et al 2003, Nicholas et al 2003, etc. ). 
The popular application of indicators reflects their global attractiveness as suitable 
tools for assessing and monitoring sustainability trends and for ascertaining the 
effectiveness of policies, decision and actions geared at enhancing sustainability. 
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3.4.1 Definition of indicators 
The term `indicator' has its origins in the Latin verb indicare, which means `to 
disclose or point out, to announce or make publicly known, or to estimate or put a 
price on' (Hammond et al 1995). In modern days however, numerous definitions of 
indicators have been proposed. Four examples reflective of the many definitions are 
shown in Box 3-1 below. 
- `a measure, index of measures or models that characterize or simplify information about 
complex systems or phenomena. The primary uses of an indicator are to characterize 
current status and to track or predict significant change. ' (Jackson et al 2000) 
- `a parameter, or a value derived from parameters, which points to/provides information 
about/describes the state of a phenomenon with a significance extending beyond that 
directly associated with the parameter value. ' (OECD 1994) 
- 'something that represents a particular attribute, characteristic or property of a system. ' 
(Gallopin 1997) 
- `a policy-relevant variable that is specified and defined in such a way as to be 
measurable over time and/or space. It need not be quantified. Measurement can be on 
the basis of qualitative scales. ' (Pastille Consortium 2002) 
Box 3-1: Examples of definitions of 'indicators' in the literature 
The definition used in this thesis is a hybrid of that suggested by Gallopin (1997) and 
the Pastille Consortium(2002) above, such that: 
`An indicator is a policy-relevant attribute, characteristic or property of a system that 
is defined and specified in such a way as to be measurable over time and/or space. ' 
Irrespective of the definition adopted, it is clear that indicators provide small windows 
that provides insight into the big picture and convey information about complex 
systems in a way that makes those systems easier understood (Mitchell et al 1995). 
It is also clear that indicators can take many forms. An indicator may, for example, be 
a qualitative variable, a ranking variable or a quantitative variable. 
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3.4.2 Taxonomies and types of indicators 
Given the multiplicity of indicators and numbers that may be used in any given 
application, there is a need to classify them in some way to facilitate, among other 
things, ease of viewing and interpretation. An approach to classification that has 
proven popular in the literature is to categorise them into `input', `process', `outcome' 
and `output' indicators, or a variation of these (See, Moxey et al 1998, Villareal 2004, 
Audit Commission 2000 a, HM Treasury et al 2001, etc. ). Under this system, 
indicators are classified as follows: 
- Input Indicators measure the resources that are provided to contribute to, or 
facilitate, policy and behavioural changes. 
- Process indicators show whether the activities planned are actually being 
carried out and carried out effectively. They indicate what is being done, and how 
it is being done. A process indicator takes due consideration of the fact that end 
state outcomes, intermediate outcomes and policy outputs are arrived at via some 
process and may thus enhance the ability to monitor and predict system changes. 
- Output Indicators are based on the recognition that due to time lags in the 
system between changing inputs and discernible changes, there are needs for 
measures to inform decision makers of progress. Consequently, rather than 
focusing on ultimate outcomes, `output indicators' reports on an observable event, 
from which an outcome may then be inferred. In this respect, `output indicators' 
act as proxies for ultimate outcomes. 
- Outcome Indicators measure the achievement of specified objectives. They 
report on the impacts or consequences of activities and therefore measure how well 
policies have achieved what they had set out to achieve. 
Among other things, the National Audit Office et al (2001) argues that this approach 
to classifying indicators clarifies the relationships between inputs, outputs and 
outcomes which serves to reveal how inputs, outputs lead to outcomes. Evidence 
about these links can then help in identifying which inputs and outputs are most 
important to measure. 
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3.4.3 Composite indices 
A specific type of indicator, presenting highly condensed information obtained by 
aggregating different data, is called a composite index. Composite indices are 
obtained by combining individual indicator values, by adding and weighing, to derive 
a single new figure. The idea of a single, composite index of sustainability has been of 
considerable interest especially in the field of Ecological Economics (see for example 
Van Den Bergh 1996, Lawn 2003, Diaz-Balteiro and Romero 2004, etc. ). Some of the 
various composite indices of sustainability that have been proposed in the literature 
over the years are shown in Table 3-1 below. 
Index Description 
EnvironmentaTly- Adjusts traditional measures of economic performance, such as Gross 
Adjusted Net National domestic Product (GDP) and Net National Product (NNP) to take 
Product consideration of the impacts of economic growth on the environment 
(Hartwick 1990) and takes cognisance of environmental constraints on the economy. 
Genuine Savings This approach takes sustainable development as having been ' (Pearce and Atkinson achieved when 
Total Capital StocW (TCS) is maintained or enhanced. 
1993 Pearce and 
TCS, in turn, is taken as being made up of three types of capital, i. e., 
, Pearce Atkinson 1995 
Physical capital (Kp), Natural Capital (KN) and Human Capital (KH)- 
, 
and Barbier 2000) 
The requirement is that the value of the net change in the total capital 
stock (TCS) must be equal to or greater than zero. 
Adjusts elements of conventional national accounts to reflect wider 
Index of Sustainable determinants of welfare. The adjustments include an estimate for non- 
Economic Welfare monetised contributions to welfare (e. g., the services derived from 
(Daly and Cobb 1989) unpaid household labour), and deducting funds spent to offset 
environmental degradation etc. 
Ecological Foolpfint A land-based measure that compares human demands in country 
J, in 
(Rees and Wackernagel 
terms of consumption, with the extent to which those demands can be 
1994 Wackernagel and met 
by the land area in country I. A positive footprint is an indication of 
, Rees 1996) an unsustainable system; 
i. e., that a countrys natural capital is being 
depleted, or that it is imposing part of its footprint on other countries. 
This measure compares global mean use of a given resource, 
Environmental Space expressed 
in per capita units, with a country's per capita consumption 
(Opschoor, L. Reijnders of that resource. 
The environmental space measure I is then the 
1991) percentage reduction 
(or increase) in the use of that resource in 
country necessary to reduce (increase) per capita consumption in 
country to the global per capita average for resource I. 
Human Development Derived by standardising and then averaging three perceived quality of 
Index life determinants, namely; 
(United Nations a measure of life expectancy (taken to be a proxy for health); 
Development a measure of education (taken to be a proxy for opportunity); 
Programme 1990) a measure of income (GDP per capita). 
The approach uses aggregation and monetisation techniques to 
The World Bank's compare data and rank nations according to the cumulative value of 
Measure of the Wealth their capitals. Capitals are measured through a selected number of 
of Nations perceived key environmental and social issues to which monetary 
(World Bank 1995, values are attached. Summing the monetary values for all key issues 
1996b) result in a single overall monetary value which is taken to reflect the 
true wealth of the given nation. 
Table 3-1: Suggested composite indices of sustainable development 
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3.4.4 Criticisms of composite indices as measures of sustainability 
Undoubtedly, a single composite index for measuring sustainability would have 
numerous advantages. Among other things, Commentators and decision makers are 
more likely to refer to a single number than to an array of statistics. Moreover, a 
single number makes comparisons easy, and can be shown adjacent to the well 
established single measure of economic performance, the GDP, to give a more 
balanced picture of the state of a country or region. However, existing composite 
indices have been criticised by numerous authors on many fronts. Some of the 
criticisms are detailed below. 
Composite indices may conceal important issues 
Given the multiplicity of issues inherent in the concept, aggregation to a single index 
(or even a few indices) will fail to capture the wide spectrum of information relevant 
to sustainable development (Mitchell 1996). The use of composite indices to reflect 
sustainability will therefore inevitably conceal key issues, some of which may 
potentially be very important to overall system performance (Bossel 1999, Foxon et al 
1999, Morse 2004). Economically based indices such as the Environmentally 
Adjusted Net National Product (EANNP) for example, tend to ignore key 
environmental and social issues. Similarly, the Human Development Index (HDI) 
accounts for some social aspects, but fails to consider economic and environmental 
dimensions. Composite indices therefore over-simplify the inherent complexity of 
sustainability, and may consequently provide misleading signals. A common example 
is the use of the Ecological Footprint to measure overall sustainability when it actually 
only measures efficiency and fairness in consumption based on land area. 
Components of indices are often arbitrarily chosen 
As insinuated above, single composite indices are limited in the number of issues that 
they can incorporate. Therefore, only a small subset of issues will be included from 
the multitude of sustainability-related issues that exist. However, the issues that tend 
to be chosen for inclusion in sustainability indices often lack any clear basis. In the 
case, of the Index of Sustainable Economic Welfare (ISEW) for example, the 
specification of what deductions and additions to consumption should be made is 
essentially arbitrary (Neumayer 1999). A similar problem exist with specification of 
the resources for derivation of the Environmental Space Index (Hanley et at 1999). 
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Composite indices are difficult to interpret 
While theoretically, a good index may produce a strikingly clear picture of overall 
system performance, it will not reveal so clearly the main constituents of that 
performance. Consequently, single indices and their components are difficult to 
interpret (Morse 2004). Aggregate indicators become even more questionable when 
they require the combination of `apples and oranges' (as in the case of the HDI). An 
attendant adverse effect of the difficulty of interpretation is that opportunities for 
broad stakeholder participation are minimised (Hass et al 2002). 
Problem of weighting 
The value of a single component index will depend on the factors included in its 
derivation, and how these separate components are `weighted' relative to each other. 
In the case of GDP, the common weighting mechanism is the monetary value of the 
goods produced. However, when considering environmental and social issues this 
becomes a major problem as no common measure exist to translate such factors into 
agreeable units. To overcome this problem, many of the proposed indices, such as the 
EANNP, Genuine Savings and ISEW, attempt to attach financial values to 
environmental and social endowments. As these endowments have no market value 
however, their conversions to monetary units often require assumptions and 
extrapolations that distort reality and are therefore imperfect at best (Bossel 1999). 
3.5 Characteristics of good sustainable transport indicators 
It is partly due to the aforementioned problems of composite indices that indicators 
have seen popular application in sustainability assessment. Logically, the usefulness 
of any indicator for sustainability decision making and assessment will depend on its 
quality and characteristics. Numerous desirable characteristics of sustainability 
indicators have been proposed, the key ones of which are shown in Table 3-2 below 
(see for example, Anderson 1991, Environmental Protection Agency 1996, Meadows 
1998, Sustainable Seattle 1998, Audit Commission 2000a, Audit Commission 2000b, 
Jackson et al 2000, HM Treasury et al 2001, UNCSD 2001, Pastille Project 2002, 
Dhakal and Imura 2003, etc. ). A key benefit of such a list of desirable characteristics, 
as will be shown in the latter chapters of this thesis, is that they can be used to assess 
the quality of a selected suite of indicators. 
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Measurable 
An indicator should be easy to measure and record with standard, reliable and scientifically 
defensible methods. Rigorous measurement increases credibility. 
Significance 
The indicator should measure something believed to be important, or should reflect or 
represent something of significance to the sustainability of the area over generations. 
Logically or scientifically defensible 
The indicator should be scientifically valid, transparent and analytically sound. It should be 
responsive and understandable rationales should exist for its use and drawing of conclusions. 
Interpretable 
The indicator should be understandable, shown in units that make sense and be accepted by 
stakeholders as a valid sign of sustainability. Even complex issues and calculations should 
eventually yield clearly presentable and understandable information. 
Policy-relevant 
An indicator should be associated with relevant policy goals and attendant issues around 
which key policies are formulated. Unless the indicators are linked to critical decisions and 
policies, it is unlikely to motivate action and be integrated into decision-making processes. 
Clarity in value/direction 
Improvements or degradations in levels of sustainability should be clearly conveyed by the 
assembled set of adopted indicators. The individual component indicators should therefore be 
unambiguous, with no uncertainty about what direction is good or bad. 
Speed of availability/ (timeliness) 
There should be little delay between the element being measured and the provision of data 
on it. 
Ease of Data Availability 
Data and statistics relevant to the geographic area and, preferably, comparable to other cities, 
counties, or communities must be easily available and at an affordable and reasonable cost. If 
data are not readily available, a practical method of data collection or calculation should exist. 
Isolatable 
The indicator should be able to accurately reflect the share of impact attributable to transport. 
Box 3-2: Key suggested desirable characteristics of sustainability indicators 
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3.6 Roles of indicators in sustainable transport assessment 
Indicators can ascertain current system performance and track or predict significant 
changes. When chosen well and used appropriately therefore, a suite of indicators are 
powerful evaluative and decision aid tools. Some of the specific roles that indicators 
can play in sustainable transport assessment are listed below (Environmental 
Protection Agency 1996, DETR 2001, United Nations 2001, Pastille Project 2002). 
Captures the multidimensionality of sustainable transport 
Comprised of multiple indicators, an indicator-based assessment framework will typically be 
broad enough to represent the wide array of sustainable transport issues. The resultant 
comprehensive and consistent coverage, together with systematic organisation of issues, 
enable priority issues and strengths and weaknesses of the performance of the transport 
system to be clearly identified. 
Highlights problems and set priorities for action 
Sustainable transport strategies and policies will have greatest impacts when they are 
focused on the most significant problems. As they enable review of the full range of 
transport impacts, indicators are useful for setting key priorities for action. Given their 
comprehensive coverage, indicators are also capable of identifying 'sleeper' issues, i. e., 
problems that may have otherwise been overlooked or neglected. 
Breaks down complex problems 
By reflecting relatively narrow issues, indicators can translate the broad and complex 
concept of sustainability into small manageable units of information. 
Well suited for feeding into policy analysis 
Indicators report on overall system performance as well as performance of sub- 
components, which are easier fed into the policy process so adjustments can be made. 
Amenable to comparison and benchmarking 
Indicators enable transport's impacts on issues relevant to sustainability to be viewed 
relative to other sectors, and also enable geographical comparisons among cities etc. 
Educating the public 
Indicators provide a simple and piece-meal overview of the complex issue of sustainable 
transport. Indicators can therefore be useful for educating the public about the range of 
inherent issues, the performance of measures, and any required changes to policies. 
Box 3-3: Roles of indicators in assessing sustainable transport 
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It would be expected that a well chosen suite of sustainability indicators will be 
capable of performing the above roles, which will be manifested in how well they 
collectively guide and communicate sustainable decision making and planning. As 
will be shown in latter chapters therefore, the ability of a given set of indicators to 
perform the above roles can serve useful in assessing their quality and suitability. 
3.7 Selecting appropriate sustainable transport indicators 
Appropriately applied sustainability indicators are powerful instruments for assessing 
sustainable transport, identifying the optimal course of action and generally 
supporting structured and coherent decision making in sustainable transport planning. 
However, indicators have to be carefully selected to maximise their desirable 
characteristics and their applicability, as inappropriately chosen indicators will 
inevitably result in misleading conclusions (Tam 2002). 
The importance of careful choice of indicators for effective indicator-based 
sustainable transport assessment cannot be overstated. Decision makers cannot 
respond to information that they do not have nor can they react effectively to 
information that is inadequate. Similarly, they cannot devise policies and strategies to 
achieve goals or targets of which they are not aware. If the indicators are poorly 
chosen, inaccurately measured, delayed or biased, decisions made on that basis will 
not be effective. Among other things, misleading indicators will cause over or under- 
reactions and result in policy changes that are too weak or too strong. 
3.7.1 Challenges to effective indicator choice 
Due to the nature of indicators and sustainability, selection of effective indicators to 
guide sustainability assessment presents a number of challenges. Two key challenges 
to effective selection of sustainable transport indicators are examined below. 
A large number of indicators are possible and available 
Sustainability is a holistic policy goal, encompassing a complex mix of issues. 
Indicator-based assessment mechanisms are required to address these myriad issues as 
well as presenting the results in an informative and coordinated manner. This is an 
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ambitious and difficult task (Pastille project 2001). The broadness of sustainability 
means that numerous potential indicators exist, and indeed, may be available. 
However, large indicator sets may give rise to confusing messages to the public and to 
decision makers as it is difficult to view numerous indicators in a coherent manner 
(Gustavson et al 1999, Ronchi et al 2002). Therefore a small, manageable and useful 
subset of indicators is necessary. Selecting a subset from the many potential indicators 
that exist however, can prove a challenging task. 
Indicators are not perfect measures 
Indicators are designed only to indicate and to tell a partial story. Because they are 
abstractions of the system, no indicator or set of indicators will perfectly represent the 
real system. This problem is further exacerbated by the fact that the concept of 
sustainability is concerned with a hugely complex system, and as such information 
about this system will be imperfect as well. Consequently, when indicators are used 
for assessment and monitoring, the price to pay may be a possible distortion of the 
information obtained (Mitchell 1996). It is important to minimise such uncertainty 
however and in that regard, indicators must be selected with care so that only those 
with most potential usefulness for decision making are selected (Meadows 1998). 
3.8 The need for systematic indicator selection frameworks 
Uncertainty in indicator choice can be minimised by undertaking the selection within 
the context of a systematic framework with clearly defined processes and criteria 
(Dalal-Clayton and Bass 2002, Hezri and Hasan 2004). A systematic framework in 
this context is defined as a standardised set of procedures, devices or techniques, with 
specified steps within a structured process. A framework specifies the key parts 
(components, dimensions, elements, themes, etc. ) that must be measured to get a clear 
and accurate reading of the state of that system and also clearly defines the aims 
(goals, objectives, principles, criteria, etc. ) of the process, and combines these into a 
coherent set of procedures to facilitate indicator selection. Among other things, 
selection within a robust framework ensures that indicators emerge more naturally. A 
framework is also more amenable to transferrals and adjustments to suit the needs of a 
given locale or set of decision makers. Other advantages of systematic indicator 
selection frameworks are discussed below. 
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Frameworks alleviate 'bounded rationality' and `satisficing' tendencies 
Like all individuals, decision makers and policy-makers concerned with sustainable 
transport are affected by the `bounded rationality' complex. Originally introduced by 
March and Simon (1958) and Simon (1978), bounded rationality refers to the fact that 
decision makers have a limited ability to process information and comprehend all 
endogenous and exogenous factors relevant to the decision. Individuals can therefore 
only be expected to operate rationally within a frame of reference determined by the 
limits of their knowledge and information processing capabilities (Wright 1984). In 
order to act within the constraints of such limited knowledge, decision makers often 
have no choice but to simplify the dimensions of the problem and the possible 
alternatives. A characteristic of bounded rationality is therefore satisficing, where the 
decision-maker does not evaluate all possible alternatives but only searches until an 
adequate one is found which minimally meets the standard of acceptability (from his 
`limited' perspective). Individuals therefore tend to choose the most self-satisfactory 
and not the optimal alternative. As the decisions and choices become increasingly 
complex, the limitations of bounded rationality are reached with increased rapidity. 
In making a decision, such as selecting a useful set of sustainability indicators, there 
are various limitations to the decision maker's ability to do so effectively. These 
include the fact that he or she will be unaware, inter alia, of all possible indicators, the 
relative utility of the indicators and the consequences of these indicators for 
sustainability. Systematic frameworks are therefore required to support the decision- 
making process by providing a frame to guide indicator choice. Once the appropriate 
simplifications and assumptions that render effective indicator selection are 
determined, a systematic framework can therefore serve as a valuable tool for 
sustainability assessment (Van den Bergh 1996). 
Systematic frameworks provide a structure for the indicator selection process 
As already alluded, systematic frameworks can aid in structuring the requisite 
analyses and setting priorities for indicator selection. By providing a clear process and 
structure, systematic frameworks lay bare the selection and arrangement of issues 
covered by the assessment as well as the values involved, and therefore assist in 
making the indicator-based assessment process more open and transparent. Similarly, 
by ensuring that all relevant criteria and determinants of indicator choice are explicitly 
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set down and defined, systematic frameworks also ensure that all alternative 
indicators are assessed against the same set of criteria and factors (Minken et al 2002). 
A systematic framework would therefore simplify and validate the difficult task of 
selecting indicators. 
Frameworks add transparency and credibility to the indicators selected 
Due to the complexity of the concept of sustainability and the large number of 
potential indicators that exist, sustainable transport indicator selection can be a 
contentious process and there is always the potential for disagreements about specific 
indicator choice. A systematic indicator selection mechanism lends greater credibility 
to the specific indicators selected, and as such, debate can be kept focused on issues 
and policy, rather than on the mechanics of selection (Mitchell et al 1995). 
In the event of disagreements about selection however, systematic frameworks will 
also provide an auditable trail which can clearly show how the choice of indicators is 
reached, enables pros and cons to be ascertained and discussed, and allows open 
negotiation (Bentivegna 1997). A related benefit of the perceived transparency and 
credibility of indicator selection is that it can positively influence public support for 
the indicators and their resulting assessment of system performance (Van Esch 1997). 
3.9 Characteristics of indicator-based assessment frameworks 
Previous sections of this chapter have shown that indicator-based assessment 
frameworks based on a systematic indicator selection process can play a valuable role 
in the sustainable transport planning process. Logically, indicator-based sustainability 
assessment frameworks must be compatible with key principles of sustainability and 
in that regard may differ, in some respects, to assessment frameworks in other policy 
settings. Several key characteristics and desirable features of indicator-based 
sustainability assessment frameworks have been suggested in the literature (see for 
example, Carew-Reid et al 1994, Harger and Meyer 1996, Hardi and Zdan 1997, 
Meadows 1998, Bossel 1999, Valentin and Spangenberg 2000, Meyer 2001, Dalal- 
Clayton and Bass 2002, Mendoza and Prabu 2003, etc. ). Some of the key desirable 
characteristics of indicator-based sustainability assessment frameworks that have been 
proposed in the literature are shown in Box 3-4 below. 
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Guided by clear vision and goals 
The vision of sustainability should be clearly stated and attendant goals specified to 
elucidate that vision. Indicators should then be selected to represent the goals and vision. 
Holistic and comprehensive In scope 
To adequately gauge sustainability performance, the assessment must be comprehensive 
and able to encompass relevant system-wide elements. Therefore indicators selected within 
an indicator-based assessment framework must together represent all key concerns. 
Systematic and robust 
Sustainability assessment should be undertaken within a structured framework that clearly 
incorporates processes and criteria for identifying an adequate set of indicators. Such a 
framework should link vision and goals to indicators and the assessment criteria and 
processes inherent in indicator selection must be clearly defined, reproducible, 
unambiguous, understandable and practical. 
A minimal number of Indicators 
Assessment must be based on the measurement of a limited number of indicators. The 
more indicators used, the more likely that their interpretation for decision making will be 
confusing and ineffective. The number of indicators should therefore be as small as 
possible, but as large as is essential to capture the holistic nature of sustainability. 
Amenable to continuous assessment 
Frameworks for assessment progress toward sustainable development should incorporate 
capacities for repeated measurement to determine trends. Such frameworks must therefore 
be iterative, adaptive and responsive to changes and uncertainties since systems relevant 
to sustainability are complex and can change frequently. They must also be capable of 
adjusting the inherent vision and goals as new insights are gained. 
Provides adequate Insight Into sustainability 
From examination of the selected indicators, it should be possible to deduce the viability 
and sustainability of the system under consideration and to compare the performance with 
alternative development paths. The combined suite of selected indicators should also 
provide adequate signals to enable stakeholders to understand the directional movement of 
the system under consideration towards sustainability. 
Box 3-4: Desirable features of indicator-based sustainability assessment frameworks 
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3.10 The need for participatory assessment frameworks 
There is now general consensus that participation and involvement of key 
stakeholders is fundamental to sustainability assessment (see for example, Edelman 
1988, Holland 1997, Levett 1998, Innes and Booher 2000, Reed and Dougil 2002, 
Szyliowicz 2003, etc. ). Therefore, in applying an indicator-based sustainability 
assessment, it is necessary to involve relevant stakeholders in the indicator selection 
and compilation process. Such participation and involvement of key stakeholders is 
important for a number of reasons, some of which are discussed below. 
Empowerment of citizens is key to the concept of sustainability 
Among other things, the WCED report advocated `political systems that secure 
effective citizen participation in decision making' (WCED 1987, p. 8). This emphasis 
on citizen empowerment was re-affirmed at the Rio Earth Summit (United Nations 
1992, Voisey et al 1996). In order to facilitate the stakeholder participation that is key 
to citizen empowerment, decision making mechanisms for sustainable development 
must systematically seek to build on a wide range of interests, needs and perspectives, 
and include those groups in society that are not generally considered within orthodox 
planning processes. 
The broad issue of sustainability cannot be addressed by one group 
Sustainability analysis requires consideration and prioritisation of a large number of 
interacting and sometimes conflicting issues. Given the scale and complexity of these 
issues, resolution is beyond the capacity of a single sector or a single group of actors. 
Ultimately, the choice of indicators will require the integration of value judgements, 
and as such, involvement of the various stakeholders is necessary to ensure that 
multiple perspectives are considered (Reed and Dougill 2002). Without such 
participation, it is impossible to reflect the diverse and changing nature of the values 
held across society, and chosen courses of action will respond only to short term 
needs of a particular interest group rather than being founded on the aspirations of a 
cross-section of society (Hodge and Hardi 1997). The specification of indicators for 
use in indicator-based assessment must therefore be undertaken within a participatory 
process to ensure it represents the vision and values of the community for which they 
are developed. 
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Sustainable choices are only possible through informed choices 
Taking the actions necessary to ensure progress towards sustainable transport is 
clearly a matter of social choice. Choice on the part of individuals and families, of 
communities, of the many organisations of civil society, and of government (Hodge 
and Hardi 1997). In recognition of this fact, the WCED (1987) observed that 'making 
the difficult choices involved in achieving the aims of sustainable development will 
depend on the widespread support and involvement of an informed public, the 
scientific community, and industry'. The general public can only be expected to adjust 
behaviour in a way supportive of sustainability by making 'informed choices', that is, 
they must be aware and involved in planning for sustainable development (Aguilera- 
Klink and Sdnchez-Garcfa 2002). Without such widespread support and involvement, 
decisions and policies for sustainability will not be legitimated and the necessary level 
of societal change will not be attained (Irwin et al 1994). Indicators must therefore be 
derived through participatory processes which ensure that indicators chosen are 
meaningful to the public and adequately reflect their values and objectives (Shields et 
al 2002). Only in this way can stakeholders be expected to support the 
recommendations and policies that may be formulated as a result. 
3.11 The need for flexible assessment frameworks 
Sustainable development and sustainable transport are ambiguous policy goals (Lele 
1991). Both are comprised of environmental, social and economic criteria, the 
thresholds for which are uncertain. The ambiguity of sustainability necessitates that its 
evaluation is undertaken within a flexible process which cannot be based on precise or 
dogmatic models set in time or space (Abolina and Zilans 2002). 
There is no single ideal set of sustainability indicators that would be capable of 
universal application in all contexts, municipalities, cities, counties and countries 
(Mitchell 1996, Dhakal and Imura 2003). As such, indicator-based assessment 
frameworks must be flexible enough to enable selection of a set of indicators that are 
suited to the particular context to which they are being applied. Some of the various 
reasons why frameworks designed to select sustainability indicators should be capable 
of selecting indicators suited to the specific contexts are discussed below. 
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Circumstances and needs will differ depending on context 
The specific circumstances of cities, regions and spatial boundaries will differ. Factors 
such as the political, administrative and cultural conditions, as well as the methods of 
decision-making, organisational structures, knowledge available and working 
practices of local institutions, will differ from city to city and will all have an impact 
on indicator needs and applicability (Astleithner et al 2004). Therefore, indicators 
applicable in one area may not be applicable in another. As such, each community and 
region will require an indicator-based framework capable of selecting indicators 
suited to its specific circumstances and needs (Innes and Booher 2000, Valentin and 
Spangenberg 2000). Indicator-based assessment frameworks should therefore be 
flexible enough to allow for adjustments and applicability to such diverse contexts. 
Interpretations of sustainability will differ 
The inherent ambiguity and broadness of the concept of sustainability makes it 
susceptible to numerous (legitimate) interpretations that will differ depending on 
context (Schleicher-Tappeser and Strati 1999, Gudmundsson 2003 a). An indicator is 
only useful however, if it has adequate resonance with the target audience. Since 
indicator choices should be shaped by sustainability goals (see Box 3-4), which are in 
turn reflective of specific interpretations of sustainability, indicators requirements will 
necessarily differ among communities and regions (Maclaren 1996). Indicator-based 
assessment frameworks must therefore be flexible enough to capture the differences in 
perceptions of sustainability that will be shaped by culture and demography, and 
which will vary across communities and spatial boundaries. 
3.12 Summary 
It is now clear that sustainable transport is a key policy goal and aspiration of 
transport planning globally. As with any goal or aspiration, it is imperative that 
systems exist to measure, assess and monitor trends towards sustainability. By 
providing a sense of direction for decision makers and stakeholders, assessment can 
provide a clear basis for planning future actions and for formulating sustainable 
transport policies. Additionally, assessment can play a useful role in operationalising 
the complex concept of sustainable transport as well as enhancing the transparency of 
decisions and communicating performance to key stakeholders. 
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Due largely to their ability to reflect the multiplicity of issues relevant to 
sustainability, indicators are now popular tools for assessing sustainability in transport 
and other contexts. Because of the uncertainty surrounding their relevance to 
sustainability and the plethora of indicators that may be applicable in any given 
assessment context, careful selection of indicators is key to effective indicator-based 
sustainability assessment. To enable appropriate selection of key indicators therefore, 
systematic frameworks are required. Among other things, such frameworks should 
seek to maximise the quality and transparency of indicator choice while adhering to 
key principles of sustainability such as maximisation of stakeholder participation and 
recognition of context. 
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CHAPTER FOUR: Review of the literature and 
previous research 
4.0 Overview 
The previous chapters have set the background and sought to justify the research by 
introducing the concept of sustainable transport, examining the roles for indicator- 
based assessment in sustainable transport planning and highlighting the need for 
systematic indicator selection frameworks. This chapter seeks to further justify the 
aims and objectives of the thesis by examining previous sustainability indicator-based 
assessments and identifying resultant gaps and opportunities for research. 
4.1 Introduction 
When examining previous work and literature relevant to indicator-based sustainable 
transport assessment, it is necessary to also examine past work that have been 
undertaken in assessing the broader concept of sustainable development. This is 
necessary for two main reasons which are enumerated below. 
i. The concept of sustainable development, which sets the overarching framework 
and context for system-specific applications of sustainability, has naturally been 
around much longer than sectoral applications such as `sustainable transport'. 
As a consequence, more work has been undertaken in assessing sustainable 
development, from which much could be learned and possibly transferred to the 
narrower sustainable transport context. 
ii. As a consequence of the fact that sustainable transport is a sub-component and 
important determinant of the wider concept of sustainable development, 
indicators relevant to transport are often represented within indicator sets used 
for assessing sustainability in the wider context. Figure 4-1 below, adopted from 
Gudmundson (2003 a), shows the variety of broader planning frameworks 
within which sustainable transport indicators can typically be found. 
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Sustainable 
Development 
Planning 
State of the 
Sustainable Government 
Environment transport Performance 
Planning Indicators Planning 
Sector Planning 
and Management 
Figure 4-1: Planning frameworks in which sustainable transport indicators are included 
In recognition of the above factors, this chapter proceeds by first reviewing indicator 
frameworks within the broad context of sustainable development. This is then 
followed by a more focused examination of indicators and their applications within 
the specific context of sustainable transport. To bring together these largely 
descriptive reviews, this chapter concludes with a Strengths, Weaknesses, 
Opportunities and Challenges (SWOC) analysis, which provides an overall critical 
synopsis of existing sustainability and sustainable transport indicator-based 
assessment frameworks, and illuminates their strengths, shortcomings and the 
consequent opportunities for research and further work. 
4.2 General sustainable development indicator frameworks 
Since the Brundtland and Rio reports (WCED 1987, United Nations 1992), there have 
been numerous development and applications of sustainability indicators worldwide 
(Hodge and Hardi 1997, Dhakal and Imura 2003). While many such indicators are 
selected in a completely arbitrary and ad hoc manner, some indicator-based 
assessments are undertaken within given frameworks or conceptual models largely 
intended to organise and classify indicators. Very often however, the selection of 
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component indicators within the categories often remains, for the most part, arbitrary 
and ad hoc. Over the years, three types of models have emerged as the most 
influential in forming the basis for identification and classification of sustainability 
indicators. Shown in Figure 4-2 below, these are Stress-response models, various 
forms of the Multidimensional (social-economic-environmental) model, and Theme 
and Objectives based models'. As suggested by the double arrows in the figure below, 
the above taxonomies are not rigid, and various combinations of the approaches are 
often applied to indicator identification and classification. 
State- 
Response 
Models 
Sustainable 
Development 
indicators 
Theme and 
objectives 
based 
models 
Multi- 
dimensional 
models 
Figure 4-2: The most influential models for indicator identification and classification 
4.2.1 Stress-response models 
Stress-response models are based on the concept of causality. They take as their 
starting point that human activities exert `stresses' on systems and elements relevant 
to sustainability, which in turn necessitate various ameliorating `responses' from 
society and policy makers. By linking responses to these stresses through indicators 
therefore, stress-response models seek to aid decision making by illuminating clearly 
the effects of remedial action on sustainability as well as identifying the need for 
remedial action, based on the levels of stress being endured by the attendant 
sustainability-relevant systems and elements. 
50 
Chapter Four: Review of the literature and previous research 
4.2.1.1 Pressure-State-Response framework 
The earliest manifestation of the stress-response indicator classification approach was 
in the form of the Pressure-State-Response (PSR) framework developed by the 
Organisation for Economic Co-operation and Development (OECD) to derive a core 
set of indicators for monitoring environmental performance (OECD 1993). Since 
then, various attempts have been made to transfer application of the PSR framework 
to sustainability indicator-based analysis (see for example, Diamantini and Zanon 
2000). 
The premise of the PSR framework is that human activities exert `Pressures' on the 
environment (such as pollution and resource depletion). These pressures induce 
change in the `State' of the environment and alter the quality and the quantity of 
natural resources (for example, changes in air quality, fossil fuels stocks etc. ). Society 
then `Responds' to these changes through environmental, economic and sector al 
policies with the intent to prevent, reduce or mitigate the environmental damages. A 
conceptual diagram of the PSR framework is shown in Figure 4-3 below. 
I PRESSURE STATE RESPONSE 
Human Activities 
Energy 
Transport 
Industry 
Agriculture 
Others 
Pressures 
Resources 
State of the 
Environment and 
Natural resources 
Air 
Water 
Land 
Living Resources 
Information 
Societal Responses 
(Decisions-Actions) 
Economic and 
Environmental 
Administrations 
Households 
Enterprises 
International 
Agents 
Figure 4-3: Conceptual diagram of the Pressure-State-Response indicator framework 
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The PSR framework therefore sets the platform for identification of three broad types 
of indicators, namely: 
- Indicators of Environmental Pressures: Corresponding to the `Pressure' box 
in the diagrammatic representation of the PSR framework, these indicators 
describe pressures on the environment caused by human activities. 
- Indicators of Environmental Conditions: Corresponding to the `State' box 
of the PSR framework above, these are indicators of environmental quality 
and aspects of quantity and quality of natural resources. 
- Response Indicators: Corresponding to the `Response' box, these indicators 
show the degree to which society is responding to environmental changes and 
concerns. 
4.2.1.2 Criticisms of the PSR framework 
The PSR framework has been widely criticised as being an inappropriate model on 
which to base sustainability indicators. The main criticism of the PSR framework 
stems from the fact that it was originally formulated to analyse the interactions 
between environmental pressures, the state of the environment and environmental 
responses, and as such inadequately addresses the socio-economic factors inherent in 
considerations of sustainable development. At best therefore, the PSR framework will 
only provide a partial picture of sustainability. Consequently, authors such as Dalal- 
Clayton and Bass (2002) argue that the limits of the environmentally-focused PSR 
framework are being stretched with its recent application to the more complex 
concept of sustainable development. 
Another basis on which the PSR framework has been criticised is due to the inherent 
negative causality assumed in the framework. It is assumed that all human and 
economic activities have adverse effects which then necessitate corrective responses. 
No consideration is taken of the positive effects that some human activities may have 
on some dimensions and issues relevant to sustainability. 
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4.2.1.3 The Driving force-State-Response framework 
Developed and popularised by the United Nations Division for Sustainable 
Development, the Driving force-State-Response (DSR) framework is a modified form 
of the pressure-state-response (PSR) framework, which seeks to allow better inclusion 
of non-environmental variables (United Nations 1996). A key difference between the 
DSR and the PSR frameworks, is that the term 'Pressure' is replaced by 'Driving 
force' in order to facilitate inclusion of social, economic and institutional indicators. 
The use of the term 'Driving-force' is also intended to recognise that the impacts of 
human activities on sustainable development may be either positive or negative. 
The DSR framework enables classification of three types of indicators, namely; 
- Driving forces: These indicators represent human activities, processes, and 
patterns that can have negative or positive effects on sustainable development. 
State indicators: These indicators provide information on the condition and 
status of sustainable development. 
Response indicators: These indicators represent corrective societal actions 
(for example policy measures) in response to changes in the `state' of 
sustainable development. 
The United Nations applied the DSR framework for derivation of a set of 134 
sustainable development indicators (United Nations 1996). The usefulness of these 
indicators was then tested in 22 countries representing all regions of the world. 
Feedback obtained at the end of the testing period highlighted the fact that because the 
DSR framework is simply a modification of the PSR framework which in turn is 
based on an environmental (policy) cycle, i. e., problem perception, policy 
formulation, monitoring and policy evaluation, it also inadequately addresses the 
social, economic, and institutional dimensions of sustainable development. It is not 
surprising therefore, that most recent applications of the DSR framework, have only 
been concerned with environmental issues (see for example, World Bank 1995, 
Barrera-Rolddn and Saldfvar-Valdes 2002, Kondratyev et al 2002). 
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4.2.1.4 Driving force-Pressure-State-Impact-Response framework 
Yet another version of* stress-response models and again hased on the PSR 
framework, is the Driving lot-ce-Pi-essLii-e-Stitte-Impact-Response framework (DPSIR) 
developed by the European Commission (Eurostat 1999). 
According to this model shown diagrammatically in Figure 4-4 below, social and Z71 In 
economic growth, that is, 'Driving forces', exert 'Pressure' on the environment and as L- In, 
a consequence, the 'State' of the environment changes. This then leads to 'Impacts' 
on human health, ecosystems and materials that then necessitate a societal 'Response' 
that feeds back on the Driving forces, or on the state or impacts directly, thi-OLloh 
adaptation or curative policy action. 
Driving Forces 
Basic scctoral trends in 
energy generation, 
transport, industry, 
agriculture, tourism 
etc. 
Response 
Society's rcactioný, 
with a view to solving 
the problems, c. g. 
research and policy 
changes. 
Impact 
I lIects of changed in 
the environment, e. g. 
decrease in agricultural 
production, hurricanes 
and floods. 
State 
Observable changes 
in the environment, 
e. g., rising global 
temperatures 
Figure 4-4: The Driving Force-Pressure-state-impact-response (DPSIR) framework 
As with the PSR and DSR frameworks, the DPSIR too was developed primarily to aid 
understanding of' environmental processes, and as such, does not readily Z- I 
accommodate the social and economic issues inherent in the broader concept of 
sustainable development. In an application to measuring sustainability of water 4: 1 
catchment systems by Walmseley (2002) for example, the under-representation of 
Pressure 
Economic and social 
patterns result in 
increases in effects 
such as carbon dioxide 
or methane emissions 
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social and economic indicators was conspicuous. Moreover, like all other forms of the 
stress-response approach, the DPSIR framework neglects the systematic and dynamic 
nature of the processes of cause and effects. Real world sustainability 'effect' and 
'impact' mechanisms are complex and cannot be isolated into a single chain of cause 
and effect. To do so is to make a very simplistic assumption, and as such ignore the 
broadness and complexity of sustainability (Dhakal and Imura 2003). 
4.2.2 Multidimensional indicator frameworks 
Despite the contested nature of the concept of sustainability and its many definitions, 
there is agreement that it is a multi-faceted concept requiring simultaneous 
consideration of several dimensions (Milne 1996). A popular alternative to the cyclic 
stress-response approaches suggested above therefore, is to classify indicators based 
on variations of the generally accepted pillars of sustainable development. 
4.2.2.1 The Triple-Bottom-Line model 
The most popular and common interpretation of the multidimensionality of 
sustainable development is to view it as being comprised of economic, social and 
environmental dimensions. Popularly known as the Triple-Bottom-Line model, this 
view takes the position that to be sustainable, development should not be confined to 
any single dimension, but instead the economic, social and environmental systems 
must be given equitable consideration and must be simultaneously sustainable in and 
of themselves. A common approach in practice and in the literature therefore, is to 
compile and classify indicators by attaching them to each of these three dimensions 
with the intent of ensuring that the state of each is appropriately reflected. 
Azapagic and Perdan (2000) and Azapagic (2004) used the three categorisations to 
develop and classify sustainability indicators for the chemical and mining industries 
respectively. The categorisations were also used to derive a set of national 
sustainability indicators for the United States (U. S. Interagency Working Group on 
Sustainable Development Indicators 1998) and for Australia (Australian Bureau of 
Statistics 2002), as well as for the derivation of a suite of regional indicators for the 
state of Oregon, USA (Schlossberg and Zimmerman 2003). 
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4.2.2.2 Variants of the traditional multidimensional approach 
Increasingly, there has been a shift from the traditional triple-bottom-line 
classification of sustainability indicators, to more novel and experimental forms. 
These are often determined by context, to which sometimes the triple-bottom-line 
approach may not be ideal (see for example Nijkamp and Vreeker 2000). Typical of 
these variants is the indicator framework applied by the Canadian Government's 
National Round Table on the Environment and the Economy (NRTEE), which 
classified its indicators to adequately reflect the four 'key' capitals described below 
(Smith 2002, NRTEE 2003). 
i. Produced Capital: These are produced goods, such as buildings and machinery, 
that provide benefits to their owners by helping to produce other goods and 
services. 
Natural Capital: Made up of the various environmental stocks and systems that 
provide the natural materials and services required to sustain livelihoods. 
Human Capital: The knowledge, skills, competencies and other attributes 
embodied in individuals that facilitate the creation of personal, social and 
economic well-being. 
iv. Social Capital: The relationships, networks and norms that facilitate collective 
action, which facilitate the human interactions necessary for a healthy society. 
4.2.2.3 Limitations of multidimensional frameworks 
An obvious shortcoming of multidimensional models is the limit to current 
capabilities of analysts to comprehensively measure and report on all sustainability 
dimensions. Moreover, while indicators are often proposed to represent sub-elements 
within each dimension, many of these issues are vague and the general 'fit' of 
indicators into categories tends to be poor. It is difficult to categorise sustainability 
indicators into definitive categories or capitals, since a given indicator will often have 
implications on multiple dimensions. Rather inefficiently, some reporting mechanisms 
show an indicator twice if it impacts more than one dimension. 
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4.2.3 Theme and objectives based frameworks 
In an effort to overcome the vagueness and 'poor fit' of broad multidimensional 
models, some indicator applications have shifted away from such high-level 
categorisations, to frameworks that relate the indicators to narrower and more specific 
themes or objectives. Typically, these themes and objectives tend to be chosen to 
provide more precise interpretations of sustainable development. 
There has been wide application of these theme and objective lead indicator 
frameworks both in the literature and in practice. In the formulation of the PICABUE 
framework for example, Mitchell et al (1995) suggested a classification of indicators 
based on of six thematic categories. The City of Seattle on the other hand classified its 
indicator set around five themes (Sustainable Seattle 1998), while the UK sustainable 
development indicator framework is guided by four thematic objectives (DETR 1999 
b, DEFRA and ONS 2004). On the other hand, the European Common Indicators 
Initiative (European Commission 2000, Tarzia 2003) based its sustainability indicator 
set around seven thematic objectives. 
The specific themes and objectives around which indicators are classified in the above 
mentioned studies are shown in Table 4-1 below. 
PICABUE Sustainable 
Seattle 
UK Quality of life 
counts 
European Common 
Indicators 
Health - Environment - Economic growth - Equality and social 
Security - Population and and employment inclusion 
Personal resources - Social progress - Local governance 
development - Economy which recognises and empowerment 
Community - Youth and the needs of . Local and global 
development Education everyone relationship 
Physical . Health and Effective protection - Local economy 
environment Community of the environment - Environmental 
and natural Prudent use of protection 
resources natural resources - Cultural heritage 
Goods and . Quality of the built 
services envi . ment 
Table 4-1: Themes and objectives for classifying indicators in select applications 
57 
Chapter Four: Review of the literature and previous research 
Theme-based approaches as described above were used by Hellstr6m et al (2000) in 
proposing 41 indicators for sustainable urban water and wastewater systems 
monitoring based around five themes. Similarly, Statistics Sweden and Swedish 
Environmental Protection Agency (2001) classified 30 national indicators of 
sustainable development for Sweden by relating them to four key themes, while 
Huang et al (1998) derived 80 indicators for assessing the sustainability of Taipei, the 
capital city of Taiwan, classified around ten key themes. 
4.3 Reflections on broad sustainability indicator frameworks 
While an effort has been made in the above sections to categorise the various 
approaches to indicator classification under overarching frameworks, it will be clear 
by now that the models do not differ significantly to each other. Very often, the 
differences are only in the terminology used to describe what are essentially similar 
issues and approaches. For example, the stresses and pressures reflected in stress- 
response frameworks are mixed into some theme classifications; and themes and 
objectives based frameworks are themselves subsets of multidimensional models. 
Given the clear similarities and overlaps, the different models should not be seen as 
being mutually exclusive as they are often applied together. 
It is also clear from the foregoing discussions that although often promoted as 
indicator selection models, the various sustainable development indicator frameworks 
examined in the previous sections are in reality only frameworks for classifying 
indicators. Undoubtedly, these are improvements over arbitrary approaches where 
long lists of indicators were simply derived with no structure or framework to 
organise them (Mitchell 1996). However, without a clear selection mechanism, Bossel 
(1999) has criticised such approaches to developing indicators as still being 
fundamentally 'ad hoc and arbitrary'. Similarly, Hens and De wit (2003) have 
observed that indicators proposed under themes and dimensions, in the absence of 
systematic selection mechanisms, tend to reflect the research interests and the biases 
of the analysts and still often result in long arbitrary lists of indicators. There is still 
clearly a need therefore, for the development of systematic processes and methods for 
identifying and selecting indicators to assess sustainability in a way that is credible, 
robust, informative and non-arbitrary. 
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4.4 Sustainable transport indicator frameworks 
From examination of the literature and previous work, the indicator frameworks that 
have been proposed and applied specifically to sustainable transport assessment can 
be divided into two broad groups, namely; 
i. Those with emphasis on a single dimension of sustainable transport; 
ii. Those that seek to address the multiple dimensions of sustainable transport. 
4.4.1 Unidimensional sustainable transport indicator frameworks 
Indicator sets that focus on only a single dimension of sustainable transport tend to 
concentrate on the environmental dimension. Indeed many such indicators compiled 
to illuminate the environmental impacts of transport, have been proposed for various 
countries as part of normal national statistical reporting (see for example, New 
Zealand Ministry of the Environment 1999, United States Environmental Protection 
Agency 1996,1999). However, these traditional environmentally-focused indicator 
sets often do not purport to have been developed to support sustainable transport 
decision making. 
Of interest to this review are those unidimensional indicator frameworks that were 
designed with the expressed intent of aiding sustainable transport assessment. Two 
such frameworks are the Transport and Environment Reporting Mechanism (TERM) 
developed jointly by the European Environmental Agency (EEA) and the European 
Commission, and the set of indicators for the 'integration of environmental concerns 
into transport policies' developed by the Organisation for Economic Co-operation and 
Development (OECD). Each of these indicator frameworks are discussed below. 
4.4.1.1 Transport and Environment Reporting Mechanism (TERM) 
The stated aim of TERM is to provide a comprehensive reporting system that will 
enable the monitoring of progress of transport towards sustainability in a way that is 
'tailored to the specific needs of EU transport policy-making' (EEA and Eurostat 
1999). In this regard, the main outputs of TERM is an annual report on transport and 
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environment in the EU (published by EEA) which sets out indicators that seek to 
measure the degree of environmental integration in the transport sector. Additionally, 
the report and attendant indicators also seek to evaluate whether European transport is 
progressing in line with the objectives of sustainability (EEA 2000, EEA 2001, EEA 
2002). 
The TERM indicators are based around seven policy areas where it is believed that 
the integration of the environment and transport should take place. The issue of 
interest in each policy area is formulated in the form of a key question as shown in 
Table 4-2 below. Indicators deemed to be appropriate are then grouped in such a way 
as to answer each question as shown in the extreme right column. 
Key questions Indicator groups 
1 Is the environmental performance of the transport sector 
Group 1: Environmental 
consequences of improving? transport 
2 Are we getting better at managing transport growth and Group 2: Transport 
improving the modal split? demand and intensity 
3 Are spatial and transport planning becoming better Group 3: Spatial 
coordinated so as to match transport demand to access planning and 
needs? accessibility 
4 Are we improving the use of transport infrastructure capacity Group 4: Transport 
and moving towards a better-balanced intermodal transport supply system? 
5 Are we moving towards a more fair and efficient pricing Group 5: Pricing signals system, which ensures that external costs are recovered? 
6 How rapidly are improved technologies being implemented Group 6: Technology 
and how efficiently are vehicles being used? and utilisation efficiency 
7 How effectively are environmental management and 
. Group 7: Management monitoring tools being used to support policy and decisi on- integration 
making? 
Table 4-2: Policy questions guiding indicator identification and classification in TERM 
To answer the seven questions above, 31 sustainable transport indicators were 
proposed by TERM after consultations with various European Commission services, 
national experts, other international organisations and researchers (EEA 2000). 
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4.4.1.2 OECD: Indicators for integrating environmental concerns into transport 
As part of its work programme on environmental indicators, the OECD Working 
Group on Environment developed a range of indicators to monitor the integration of 
environmental concerns into transport policies (OECD 1999). The intent was that 
when interpreted in their context, the set of indicators should contribute to measuring 
countries' progress towards more sustainable transport patterns. The indicators were 
developed as a sectoral. supplement to the OECD's core set of environmental 
indicators, and as such the framework used in their development was adopted from 
the overarching conceptual framework that was used for derivation of all OECD 
sectoral indicators within the environmental indicators programme. OECD's 
indicators were structured around three themes based on adjustments of the Pressure- 
State-Response (PSR) model. These themes are shown below. 
i. Transport trends and patterns of environmental significance: Major 
driving forces and indirect pressures caused by transport. 
ii. Interactions with the environment: Direct pressures on the environment 
and on natural resources and their related impacts. 
iii. Economic and policy aspects of the transport and environmental 
interface: Economic aspects of environmental impacts, key policies, trade 
aspects and other societal instruments. 
Indicators were selected for each theme based on their perfon-nance on several 
criteria. Using the scoring system shown in Table 4-3 below, a suite of 33 sustainable 
transport indicators were identified and classified by OECD. 
ia S l ti n Crite 
Evaluation (Score) 
e ec o r 1 2 3 
Policy relevance, i. e. relevance to transport and High Medium Low 
environmental policies 
Analytical soundness good average poor 
Measurability, taking into account: 
" data availability Short term 
Medium Long 
term term 
" data quality including international Good Average Poor 
comparability 
Table 4-3: OECD's scoring system for evaluating the suitability of indicators 
.0 
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4.4.2 Multidimensional sustainable transport indicator sets 
Frameworks to guide identification and classification of sustainable transport 
indicators that take consideration of only a single dimension of sustainable transport 
are inherently weak approaches to assessment as they will inevitably neglect issues 
that are fundamental to the concept. Consequently, approaches that enable 
consideration of the multiple dimensions of sustainable transport are intuitively more 
useful for assessing sustainable transport. 
There have been various applications of indicator-based sustainable transport 
assessments that have sought to derive and utilise such broader sets of indicators. 
These have generally tended to be based on theme and multidimensional classification 
frameworks, which have then guided the identification and compilation of sustainable 
transport indicators. 
Examples of sustainable transport indicator-based assessments that have utilised 
variations and combinations of theme and multidimensional classification approaches 
are discussed in the sub-sections below. 
4.4.2.1 Civilising Cities Initiative 
As part of a wider project to demonstrate practical examples of the contribution that 
the transport sector can make to improving quality of life in urban areas, the 
Tivilising Cities Initiative' project team developed an indicator framework to assess 
the relationship between transport provision and the broader objectives of 
sustainability and quality of life (Jones and Lucas 2000, Jones et al 2003). 
Guided by a review of existing and past frameworks, Civilising Cities Initiative's 
'quality of life indicator framework' was formulated around eight themes on which it 
was expected that transport could have impacts. The themes specified to guide the 
framework were; Neighbourhood, Environment, Traffic, Health, Education, 
Economy, Crime, and Participation. 
In addition to being classified under themes, the indicators in the Civilising Cities 
Initiative's framework were also grouped by data type, as shown in Table 4-4 below. 
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Indicator Type Description 
Counts 'Hard' measurable indicators, which can be determined directly from 
observation and existing data sources. 
Attitudes 'Soft' survey indicators which rely on local attitudinal surveys that 
collect data on the satisfaction of local stakeholder groups. 
Focuses group data, used to obtain qualitative insights into local 
Insights problems and perceptions and factors that influence changes in 
attitudes and behaviour. 
Table 4-4: Indicator classification in the Civilising Cities Initiative 
Using this approach, 56 sustainable transport indicators were proposed and included 
in the Civilising Cities' quality of life indicator framework (Jones et al 2003). 
4.4.2.2 PROSPECTS: Indicators for sustainable urban land-use and transport 
Funded by the EU, the aim of the Procedures for Recommending Sustainable 
Planning of European City Transport Systems (PROSPECTS) project was to provide 
cities with the guidance needed to generate optimal land use and transport strategies to 
meet the challenge of sustainability in their particular circumstances (May et al 2001). 
Among other things, PROSPECTS had a dedicated work package the specific aim of 
which was to set out objectives for sustainable urban transport and land use planning 
and develop appropriate indicators to measure their achievement (Minken et al 2003). 
Based on the research conducted in this Work Package, PROSPECTS proposed the 
six objectives for sustainable transport shown in Box 4-1 below 
Economic Efficiency 
Livable Streets and neighbourhoods 
Protection of the environment 
Equity and social inclusion 
Traffic safety 
Support of economic growth 
Inter-generational equity 
Box 4-1: Objectives of sustainable transport as proposed by PROSPECTS 
Performance indicators relevant to each objective, with the exception of 
'intergenerational equity', were proposed to facilitate assessment of whether or not 
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the objectives are being achieved and to enable regular monitoring. In specifying the 
indicators, a key requirement of PROSPECTS was that they were as far as possible 
directly related to the objectives that they were intended to illuminate. Additionally, 
indicators were required to be measurable, analytically sound, and policy relevant. 
A total of 52 indicators were proposed in the PROSPECTS assessment framework. 
From this set, a subset of 19 were identified as being the most relevant and most likely 
to be applied in planning exercises. 
4.4.2.3 Sustainable Transportation Indicators Project (CST, Canada) 
The Centre for Sustainable Transportion (CST), a Canadian research organisation, 
commissioned the Sustainable Transport Indicators Project, the aim of which was to 
derive a robust set of indicators for sustainable transport (Gilbert and Tanguay 2000, 
Gilbert et al 2002). In developing the indicators, CST borrowed from TERM (EEA 
2000) by specifying seven questions representing key policy areas for which 
indicators would be necessary. These policy questions are shown in Table 4-5 below. 
Key questions Indicator groups 
Is the performance of the transport sector improving in 
Environmental and 
health consequences respect of its adverse impacts on environment and health? of transport 
2 Is transport activity changing in directions consistent with Transport activity positive answers to the other questions? 
3 Are land use, urban form, and transportation systems Land use, urban form 
changing so as to reduce transportation effort? and accessibility 
4 Are we increasing the efficiency of use of current Supply of transport 
infrastructure and changing the infrastructure supply in infrastructure and 
sustainable ways? services 
5 Are the patterns of expenditure by governments, Transportation 
businesses, and households, and the associated pricing expenditures and 
systems, consistent with moving towards sustainability? pricing 
6 Is technology being used more in ways that make vehicle Technology adoption transport systems and their utilization more sustainable? 
7 How effectively are environmental management and Implementation and monitoring tools being used to support policy- and decislon- monitoring 
I 
making towards sustainability? 
Table 4-5: Key policy questions for indicator classification suggested by CST 
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CST then proceeded to identify and define a suite of indicators to cover the seven 
policy areas. The following guiding principles were used to develop the indicators: 
- An indicator should represent an issue of concern to sustainable 
transportation, as elaborated in CST's definition, or provide a clear answer 
to one of the seven questions in Table 4-5 above; 
- An indicator should be capable of being reflected as a time series, so that 
information can be provided on changes in performance; 
-A qualifying variable should come from what the project team considers to 
be a reputable and reliable source. 
Using the policy questions in Table 4-5 and the guiding principles above, CST was 
able to develop ten overarching indicators, which were the final output of the 
Sustainable Transport Indicators Project (Gilbert et al 2002). 
4.4.2.4 Other theme-based sustainable transport indicator applications 
In addition to the examples discussed above, various other theme based indicator 
approaches have been developed for sustainable transport assessment and evaluation. 
As part of the Quantifiable/Sustainable city project for example, Kupiszewska (1997) 
developed a conceptual model for transport sustainability within which 40 indicators 
were classified under four themes and proposed as being suitable for evaluating the 
success of transport policies in achieving sustainability aims. Similarly, the 
SPARTACUS (System for Planning and Research in Towns and Cities for Urban 
Sustainability) project (Lautso and Toivanen 1999), classified 20 indicators under six 
themes with a view to providing a sound and theoretically consistent basis for 
building and evaluating long term strategies for sustainable transport and land use. In 
yet another application, Ricci (1999) proposed a set of 19 indicators based around 12 
thematic issues, to evaluate progress towards sustainability in urban transport 
planning and management. Similarly, Nicholas et al (2003) proposed and applied 24 
indicators to the Lyons conurbation (France), classified around four themes. 
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The specific themes around which these four applications classified sustainable 
transport indicators are shown in Table 4-6 below. 
Kupiszewska 
(1997) 
Lautso and Toivanen 
(1999) 
Ricci 
(1999) 
Nicholas et al 
(2003) 
Environment - Air pollution - Accessibility - Operational 
and - Consumption of - Mobility - Economic 
Resources natural resources - Equity Environmental 
Quality of - Health - Economic Activity Social equity 
Life Equity - Traffic density 
Economic Opportunities - Air Quality 
Performance Economic Benefits - Acoustic quality 
Intermediate - Spatial Development 
objectives - Use of resources 
- Safety and security 
- Visual impact 
- Cultural heritage 
Table 4-6: Themes used in various sustainable transport indicator compilations 
Similar theme based approaches were also used by Borken (2003) and Imran and Low 
(2003) to compile sustainable transport indicators appropriate to the German and 
Pakistani contexts respectively. 
4.5 Reflections on sustainable transport indicator frameworks 
While earlY sustainable transport indicator frameworks classified component 
indicators around the single environmental dimension, theme-based and 
multidimensional frameworks are now the predominant platforms for modem 
sustainable transport indicator development. These multidimensional frameworks are 
inherently more suitable for sustainability assessment as they are able to consider the 
various social and economic factors that are key to the concept. The examination and 
review conducted above of applications of indicator-based sustainable transport 
assessment, have revealed a number of issues, gaps, challenges and opportunities for 
future research and development of indicator-based assessment frameworks. These 
issues, gaps and opportunities are discussed and summarised in the next section. 
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4.6 An overall assessment of past work -A SWOC analysis 
A Strengths, Weaknesses, Opportunities, Challenges (SWOC) analysis provides a 
useful mechanism for drawing together the earlier discussion and review of the 
various approaches in practice and in the literature to indicator-based sustainability 
and sustainable transport assessment. 
SWOC analysis is one the family of Strength, Weakness, Opportunity, Threat 
(SWOT) analyses techniques. These techniques provide a simple and easy to 
understand approach for organising and illuminating strengths and weaknesses in any 
investigative context. Once these are identified, the analysis can then aid in 
illuminating opportunities for future work and development, as well as highlight the 
challenges that will have to be overcome in order to realise such opportunities. 
As a consequence of these inherent attributes, SWOT type analyses provide easily 
usable mechanisms for isolating and arranging the key issues identified in the scoping 
and review stages of research. They are also inherently useful in the preliminary 
stages of decision-making and as a precursor to planning, and have been applied in a 
wide variety of contexts (Bryson and Einsweiler 1988, Kotler 1988, Johnson et al 
1989, Bartol and Martin 1991, Wheelen and Hunger, 1995, Kangas et al 2003). 
Given the natural suitability, a SWOC analysis is utilised in this chapter to summarise 
the review of the literature and previous work, with a view to clearly illuminating the 
strengths and weaknesses of current approaches to sustainable transport indicator- 
based assessment and directing a path for the research presented in this thesis. 
4.6.1 Strengths of previous research and approaches 
Work on sustainable development indicators have been undertaken since the 
Brundtland Report (WCED 1987), and intensified after the Rio Declaration (United 
Nations 1992). Given such a long history and the current pervasiveness of the goal of 
sustainability, it is not surprising that past and existing indicator frameworks display 
various strengths that can serve as useful platforms for future indicator development. 
Some of the strengths of the approaches to indicator-based sustainability assessment 
reviewed during this research are examined in the various sub-sections below. 
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Linkages to key themes and principles of sustainability 
A fundamental problem in operationalising the concept of sustainability is that it is an 
innately vague and therefore contested concept. Some of the various work reviewed in 
this chapter have provided a useful approach for overcoming this vagueness by 
linking indicators to key tenets, themes and objectives of sustainability. While some 
approaches link indicators to broad issues, others have endeavoured to achieve some 
precision by linking indicators to more precise themes and objectives. Together, these 
provide a plethora of tested 'tenets' of sustainability, some of which can provide a 
useful starting point for future linking and development of sustainability indicators. 
Recognition of the need for stakeholder participation 
More evident in assessment of the broader concept of sustainable development than in 
transport specific indicator frameworks, is the recognition that participation is 
necessary in sustainability assessment. Very often, such participation is obtained 
through consultations during the indicator selection process. Sustainable Seattle 
(1998), NTREE (2003), Yuan et al (2003) and Bell and Morse (2004) for example, 
utilised thematic workshops to garner the views of relevant experts and laymen. 
Availability of a large pool of indicators 
Perhaps the most notable contribution of the vast work that has been undertaken in 
developing indicator frameworks is the consequent large pool of indicators that now 
exists as a result. While there are some common indicators in all applications, it is 
often the case that new indicators are proposed and developed with each new 
application. This has led to an abundance of sustainability indicator sets, each 
comprising of a broad range of indicators. This plethora of indicators provides a large 
pool from which indicators can be selected for future work and assessment. 
4.6.2 Weaknesses of previous research and approaches 
As discussed in the previous chapter, indicator-based assessments can be more 
transparent, consistent and useful for decision-making than other approaches. Whether 
they fulfil their potential however, depends on how well such frameworks are 
designed and executed, and how well the indicators are selected. From the review 
conducted above, some shortcomings of exiting indicator frameworks are evident. 
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The selection of indicators is often ad-hoc and arbitra[y 
The benefits of basing indicators around key sustainability themes have been 
previously discussed. Unfortunately however, many indicator frameworks appear to 
be simply extensive compilations of indicators categorised under the headings or 
organised in a suggested fon-nat (e. g., PSR), without any indication of a systematic 
method or process for selecting the component indicators. Mitchell (1996) posits that 
sustainability indicator sets derived in this manner may be ineffective in promoting 
sustainable development and can even be detrimental to the process. Moreover, as a 
consequence of the absence of any obvious theoretical or methodological 
underpinnings to justify their selection, the credibility of such indicator sets is often 
questionable at best (Bossel 1999, Lenz et al 2000). 
Indicators selected tend to provide a poor reflection of the attendant systems 
The arbitrary selection of indicators is often exacerbated by a similar lack of 
systematic procedures for selecting the themes that determine classification and 
choice (Malkina-Pykh 2002). This problem combined with the inherent biases of 
analysts, often result in indicator sets that are overly dense in some areas, primarily in 
genvironmental issues' and sparse or even empty in other important areas. This has led 
Briassoulis (2001) to observe 'that in their present form, indictors provide only a 
fragmented picture of an already ill defined concept: sustainable development'. 
Few systematic and auditable apgroaches for incorporating stakeholder views 
Many researchers try to justify selected indicators, as well as fulfil the need for some 
level of citizen participation in sustainability analyses, through broad consensus 
building and consultation processes that seek to gauge agreement among stakeholders 
on the set of selected indicators. The extent to which stakeholder views determine or 
are incorporated into indicator choice is often uncertain however, as there are few 
systems to ensure that such diverse views are entered into the selection process in a 
clear, transparent and auditable manner (Eckerberg and Mineur 2003). 2 Focus groups 
such as those used by the Civilising Cities Initiative (Jones and Lucas 2000, Jones et 
al 2003) or thematic workshops such as those used by Sustainable Seattle (1998), 
2A notable exception to this include Miller (2001) who utilised delphi method for deriving indicators 
of tourism sustainability within the UK tourism sector by interviewing a sample of 74 individuals who 
had published on the subject of sustainability in any one of four major tourism journals. 
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NTREE (2003), Yuan et al (2003) and Bell and Morse (2004), while useful in 
bringing key stakeholders together, provide no auditable mechanisms to show how 
stakeholder preferences were elicited and entered into the indicator selection process. 
Inadeguate recognition of the context-specific nature of sustainability analysis 
Recognition and customisation of chosen indicator sets to suit context is key to 
sustainability assessment. Nfitchell (1996) has argued that no single universal set of 
sustainability indicators exist, but that rather several sets exist, corresponding to the 
specific purposes and to the local circumstances. Consequently, sustainability 
indicator-based assessment frameworks should not be prescriptive, but should instead 
be flexible enough to enable local context to be taken into consideration. 
Unfortunately however, most indicator-based assessment frameworks do not allow for 
custornisation and adjustments to reflect local or other specific circumstances. The 
Pressure-State-Response framework (PSR), on which many current approaches are 
modelled, was primarily created for application on a national or global scale to 
evaluate discrepancies between the state of the environment and desired 
environmental quality. The problem is further exacerbated as the inherent lack of clear 
processes does not render these frameworks amenable to localised custornisation. 
4.6.3 Opportunities for sustainable transport indicator research 
From the weaknesses and strengths of the approaches to sustainable transport 
indicator assessment described above, it is evident that there is a fundamental need for 
more systematic, transparent and auditable approaches to selection and compilation of 
sustainable transport indicators. Such improvements are required in three areas. 
Systematisation of the processes and criteria that determine indicator choice 
There is an obvious gap, and hence opportunities for future research, in clear, 
systematic and transparent processes to guide selection of a limited number of 
indicators, and in mechanisms that enable post-audit of the selection process 
(Spangenberg 2002). There is a need for systems that facilitate clear specification of 
the issues and criteria relevant to indicator selection, and provide transparent methods 
for factoring them into the selection process. A clear methodology would also enable 
other developers to learn from other applications and approaches (Mitchell 1996). 
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A systematic approach for eliciting and incorporating stakeholder values 
As previously stated, existing frameworks do attempt to include stakeholder views in 
the selection of sustainability indicators. However, current approaches tend to lack the 
systernisation and transparency that would enable auditing and decomposition of the 
effects of stakeholder values on the indicator selection process. There is therefore a 
need for such clear, systematic and auditable mechanisms for eliciting and 
incorporating stakeholder values in the indicator selection process. 
Building flexibility into frameworks so that context can be adeguately reflected 
Current indicator frameworks are generally not amenable to local custornisation so 
that the applicability of indicator choice to local context is maximised. Therefore, 
building some level of flexibility into the indicator selection process is a gap in 
current sustainable transport indicator-based assessment that requires addressing. 
4.6.4 Challenges to developing mechanisms for indicator selection 
In attempting to realise the opportunities for research in the previous section, there 
will be a need to overcome certain challenges that could have implications on the 
development of methodological approaches that build on the existing strengths, 
address the weaknesses, and capitalise on the opportunities. Two of the most pertinent 
challenges to development of systematic frameworks are discussed below. 
Sustainability is a complex and broad concept 
Sustainability is a broad and complex concept. As a consequence, attempting to 
capture its essence within a coherent framework will be a considerable challenge due 
primarily to the large amount of information and issues that have to be considered in 
the analysis. Due consideration will therefore have to be given to this issue. 
Enablinq consideration of all possible contexts is difficult 
As a result of the aforementioned broadness and complexity of sustainable transport, 
the stakeholders, contexts and scales at which sustainability assessment is undertaken 
will vary largely. Developing a framework that is flexible enough for application to 
these different contexts, capable of incorporating the values of different stakeholders 
and accommodating the differing scales, will undoubtedly be a very challenging task. 
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4.7 Summary 
Since the Brundtland Commission's Report (WCED 1987), numerous approaches and 
frameworks have been developed and applied for derivation of indicators within the 
broader context of sustainable development. In many instances, these applications 
have been the forerunners for current sector-specific application of sustainability 
indicators and therefore have had bearing on development and applications of 
sustainable transport indicators. While the volume of past work on development of 
indicators for the narrower concept of sustainable transport is substantially less, there 
have nonetheless been some useful lessons learned from both types of applications 
that can guide future development of suitable indicator-based assessment frameworks. 
A Strengths, Weaknesses, Opportunities, Challenges (SWOC) analysis was deemed 
to be a useful framework for drawing together the various literature and past 
applications of indicator-based sustainability assessment in a way that would clearly 
reveal the improvements required as well as highlight features of current applications 
that can be built upon in future work. A quadrant matrix is useful for 
diagrammatically representing the four themes of the SWOC framework and the 
results of the SWOC analysis. In that regard, a SWOC quadrant matrix detailing the 
key Strengths, Weaknesses, Opportunities and Challenges identified during the review 
of current and past approaches for deriving sustainable transport indicators is shown 
in Figure 4-5 below. 
- Linkages to key sustainability Development of systematic 
themes and objectives 2 processes for indicator selection (n 
Recognition of the need for 'E - Development of robust processes 
stakeholder participation 0 for eliciting stakeholder values 
Availability of a large pool of 
CL 
CL 
0 Building flexibility into the 
indicators selection process to suit context 
Indicator selection is often Sustainability is a broad and 
arbitrary and ad hoc 
The selection of themes often 
complex concept 
Achieving the level of flexibility for 
poorly reflect the system 
applicability to all context is 
No systematic approaches for difficult 
including stakeholder views. 
Figure 4-5: The SWOC Matrix surnmarising the key findings of the review 
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The SWOC analysis and the attendant quadrant matrix shown above serve two 
important purposes in the context of this thesis. Firstly, it summarises the key points 
of the literature review and identifies where future work is required, and where such a 
need exists, provides a direction to guide such future work. Within this context and as 
clearly shown in the matrix above, there is a need to incorporate systematic processes 
into the indicator selection process. Such systernatisation is necessary not only in the 
way that the factors, criteria and issues that influence indicator selection are 
synthesised, but also in the way that stakeholder values are incorporated into the 
analysis. Additionally, it is obvious from the review that flexibility, which is of 
paramount importance in considerations of sustainability, is largely lacking in current 
indicator frameworks. There is therefore also a need to address this gap. 
A second role of the SWOC Matrix and its illumination of the strengths and 
weaknesses of current sustainable transport indicator-based assessment frameworks, is 
that it provides a set of key factors, i. e., strengths and weaknesses, which can be used 
to assess the suitability of any indicator-based assessment framework that may be 
developed in the future. 
Having identified these research needs and gaps therefore, the subsequent chapters of 
this thesis will present and demonstrate an approach to indicator-based sustainable 
transport assessment, that builds on the strengths of current approaches and which 
takes due cognisance of the identified challenges. The SWOC matrix in Figure 4.5 
will also be used to assess whether this developed framework has the relevant 
strengths and addresses the key gaps, capitalises on the opportunities and redress the 
weaknesses of current frameworks identified in the review presented in this chapter. 
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CHAPTER FIVE: A methodological framework for 
indicator-based sustainable transport assessment 
5.0 Overview 
Having established the importance of systematic frameworks for sustainable transport 
indicator selection, and the current non-existence of such systematic processes, this 
chapter presents the main contribution of the research -a methodological approach to 
aid the systematic selection of sustainable transport indicators. Among other things, 
the principles and processes inherent in the framework are introduced and discussed. 
5.1 Introduction 
The previous chapters have shown that despite the increasing popularity of sustainable 
transport as an overarching paradigm and goal of modem transport planning, and the 
equivalent popularity of indicators as assessment tools, robust analytical approaches 
do not currently exist to enable systematic indicator-based sustainable transport 
assessment. Naturally, sustainable transport indicators will prove more credible and 
useful for decision making if they are selected within the context of a systematic, 
participatory, robust and logical framework. Past applications of indicators have 
suffered, inter alia, from inadequate capture of the key components of sustainable 
transport, an incapacity for participation and have been largely arbitrary and 
consequently lacked the systernatisation and logic to guide transparent and credible 
assessment. A new approach is therefore needed that will enable systematic indicator- 
based assessment of sustainable transport in a way that captures the key components 
of transport sustainability while adhering to relevant principles of sustainability. 
5.2 The ELASTIC framework 
The Evaluative and Logical Approach to Sustainable Transport indicator Compilation 
(ELASTIC) is a flexible methodological framework for selecting appropriate and key 
sustainable transport indicators. The output of ELASTIC is the Transport 
Sustainability Profile (TSP) - an un-aggregated suite of sustainable transport 
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indicators which when presented Simultaneously can provide a snap-shot of the 
progress of the transport system towards or away from sustainability. ELASTIC Zý 
ensures the selection of a key subset of indicators by evaluating and Illuminating the I 
strengths and weakness of' potential sustainable transport indicators through a C) 1ý 
structured and participatory framework. 
In the most general sense, the ELASTIC processes can be divided into five broad 
stages its shown in the diagrammatic conceptual model ofthe ELASTIC methodology 
in Figure 5-1 below. The feedback loop reflects the cyclic nature of the ELASTIC 
approach since the selected indicators will illummate prionties and (Taps that will 4: 1 
redefine the focus and vision of the sustainable transport assessment process. A more 
detailed narrative and (graphical description of ELASTIC is given later in this chapter. I 
Assembling of a long list of potential 
I 
SustainableTransport Indicators 
-01 
Definition of vision and goals for the 
assessment process 
Engagement ofstakeholders and 
elicitation of their valuejudgements 
aM 
r" 'I 
Systematic evaluation and 
preliminary selection or indictors 
CC 
Sensitivity Analysis and selection of 
indicators 
Derivation of the Transport 
IL- Sustainability Profile 
Figure 5-1: A general conceptual model of the ELASTIC framework and processes 
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5.3 Basis and key principles of the ELASTIC Framework 
In order to effectively serve its purpose as a methodological approach for selecting 
indicators suitable for transport sustainability assessment, the ELASTIC framework 
and its attendant outputs are based on eight key principles as outlined below. 
1. Sustainable Transport is a continuum rather than a static state 
ELASTIC does not view sustainability as a definitive end-state. The position is taken 
instead that sustainable transport is a 'continuum' and not a destination per se 
(Shearman 1990, Shriberg 2002). Consequently, the ELASTIC framework does not 
seek to define reference values or targets for sustainable transport indicators, but seek 
only to illuminate a general direction towards or away from sustainability. 
2. A minimal number of Indicators 
The ELASTIC framework seeks to derive only a limited number of indicators for 
inclusion in the TSP. As discussed in previous chapters, such minimisation is 
necessary for practical reasons, as well to avoid a potential overload of information 
which may only confuse the assessment and decision-making processes. The aim 
therefore is to derive a minimal set of suitable indicators that are theoretically sound, 
applicable and which provide the most relevant and useful signals to decision makers. 
3. The Indicators should be of hiqhest guality 
Indicators are inherently imperfect (Mitchell 1996), and since ELASTIC utilises only 
a small number of indicators, the ramifications of such imperfections can be 
significant. To minimise any possible distortions in the information provided by 
indicators, ELASTIC ensures that only indicators of the highest quality are selected 
for inclusion in the TSP. A key requirement is that indicators should as far as possible, 
meet all the desired characteristics of indicators previously stipulated in Box 3-2. 
4. Indicator selection process is goal and objective-led 
For an indicator-based assessment to be effective, the indicators have to illuminate 
key issues relevant to the concept of sustainable transport. In addition to indicator 
quality therefore, a key tenet of ELASTIC is that choice of indicators should be 
determined by, and linked to the vision and key objectives of sustainable transport. 
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5. Transport sustainabilily assessment and indicators are context sPecific 
Due to the multiplicity of interpretations, perspectives and issues inherent in 
consideration of sustainable transport, and the differing capabilities and circumstances 
of localities and regions, sustainability assessment and therefore the required 
indicators, will necessarily differ with context (Maclaren 1996, Nfitchell 1996, 
Schleicher-Tappeser and Strati 1999). Consequently, the ELASTIC framework does 
not seek to derive a suite of universally applicable indicators, but instead derives 
different sets of indicators for different applications, based on the geographical, 
cultural and spatial contexts in which they are to be applied. 
6. Stakeholder particioation is key to sustainability assessment 
The need for participation in sustainability assessment has already been discussed in 
Chapter three of this thesis. It is necessary to ensure that indicators chosen are 
meaningful to the public and reflect an understanding of their values and objectives 
(Shields et al 2002). A key tenet of ELASTIC is therefore that the views and values of 
all stakeholders who may affect or be affected by the transport decisions and impacts, 
must be incorporated in the sustainable transport indicator selection process. 
7. Sustainability assessment is relevant to all sýafial levels 
There is now increasing realisation that sustainability analysis is not solely an issue to 
be addressed on global scales and that indeed, analysis at the regional and local levels 
may have distinct advantages (Giaoutzi and Nijkamp 1994, Capello et al 1999, 
Nijkamp and Vreeker 2000, Benneworth et al 2002, Chan and Huang 2004, etc. ). The 
ELASTIC framework therefore aims to be suitable for application at any spatial level, 
including the national, regional, local and even neighbourhood scales. 
8. The TSP may reveal new priorities and guide revision of the obiectives 
As reflected by the feedback loop in Figure 5-1 above, the Transport Sustainability 
Profile derived from ELASTIC may itself illuminate new issues and priorities which 
can in turn influence the choice and subsequent weighting of ELASTIC's objectives. 
The indicators may for example reveal that an issue previously considered to be 
important is in fact progressing well. The derived indicators may also identify 'sleeper 
issues', that is, key problems that may have previously overlooked. It may be the case 
therefore, that current objectives are replaced or their weightings changed. 
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5.4 Multi-Criteria Decision Analysis: backbone of ELASTIC 
As can be seen from the key principles listed above and the diagrammatic conceptual 
model introduced earlier, the ELASTIC framework seeks to select a suite of indicators 
by systematically evaluating them against a number of criteria in a way that takes 
stakeholder values into consideration. Achieving the above aim of ELASTIC is 
therefore essentially a Multi-Criteria Decision Analysis (MCDA) problem. 
MCDA is an approach to simplifying complex decision problems that are 
characterised by multiple and often conflicting objectives and criteria. Among other 
things, MCDA provides a structured approach to guide decision making in such 
circumstances. Its purpose however, is to serve as an aid to decision making, not to 
make the decision (DETR 2000 a). 
Given a set of alternatives, each characterised by a set of assessments for selected 
criteria and an interest group whose opinions regarding the selection of criteria and 
the assessments have to be considered, MCDA provides a systematic procedure to 
define the attractiveness of competing alternatives with a view to identifying the best 
one, the best subset or to rank them (Massam 1988, DETR 2000 a). To achieve this 
aim, MCDA breaks down the problem into more manageable pieces to allow data and 
judgements to be brought to bear on the pieces, and then re-assembles the pieces to 
present a coherent overall picture to decision makers. Logically, the options will differ 
in their performance on the various criteria and objectives. Additionally, conflicts and 
trade-offs will be evident amongst the criteria and objectives themselves. The final 
outcome of the MCDA process is therefore a preferred alternative or subset of 
alternatives chosen based on their performance across all criteria and the trade-offs 
among the criteria themselves. A particular benefit of MCDA is that the final outcome 
is based upon a rigorous definition of priorities and preferences decided upon by the 
interest group relevant to the decision. 
Numerous MCDA techniques exist and their numbers are still rising. ELASTIC 
brings together appropriate MCDA tools and techniques in a single coherent 
framework, the ultimate aim of which is to systematically select an appropriate suite 
of sustainable transport indicators to guide sustainable transport assessment. 
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5.4.1 Strengths and weaknesses of Multi-Criteria Decision Analysis 
MCDA techniques, as a family of approaches, possess several desirable 
characteristics that provide them with clear strengths over other decision-making 
approaches and over informal judgement unsupported by analysis (Hobbs and Horn 
1997, DETR 2000 a, Mendoza and Prabhu 2003). Some of the strengths of MCDA 
include: 
" The ability to accommodate numerous criteria in the analysis; 
" The facility for involvement of experts, interest groups, and stakeholders; 
"A clear documentation of assumptions which enhances auditability; 
" Trade-offs among fundamental concerns are explicitly illuminated and their 
effects on the decision process clearly shown; 
The decision problem is broken into manageable components which are more 
amenable to human cognitive abilities; 
The analysis need not be data-intensive and MCDA techniques are generally 
capable of utilising both qualitative and quantitative data; 
The structured approach and the decomposition of the problem render MCDA 
approaches transparent and are therefore easily understood by participants. 
Despite the many advantages highlighted above, MCDA techniques also suffer from 
some weaknesses. Some of the weaknesses are listed below (Hobbs and Horn 2000). 
m While not requiring much data inputs, the application of MCDA can often 
generate excessive data concerning how options perform on numerous criteria; 
m The cost and effort of assembling and educating stakeholders may be high; 
a Due to the problem of costs, the views of a minority of representatives are 
nonnally taken to reflect the views of all stakeholders. 
5.5 The ELASTIC Process 
ELASTIC maximises the strengths of MCDA and minirnýises the weaknesses to select 
a suite of indicators guided by specification of clear objectives and criteria, 
incorporation of the values of key stakeholders, transparent evaluation and the 
application of sensitivity analysis to confirm the robustness of indicator choice. 
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A detailed diagram of the ELASTIC processes and components is shown in Figure 5- 
2 below. 
CLot 
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.0 objectives sustainability indicators 
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Figure 5-2: A detailed schematic of the ELASTIC Process 
The various stages of the ELASTIC process as displayed in the diagram above, are I Cl 
described in detail in the subseqUent sections of this chapter. 
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5.6 Assembling the long list of indicators for analysis 
As shown in Figure 5-2 above, application of ELASTIC commences with the 
identification and assembling of a long list of suggested or potential sustainable 
transport indicators. It is from this long initial list of alternative indicators that a 
smaller subset will eventually be derived. There is no limit to the number of indicators 
that can be used at this stage, although the larger the number the greater the demands 
on time and effort that will be required to evaluate the entire set of indicators. 
Similarly, there is no specified source from which the initial set of indicators should 
be chosen. It is envisaged however, that some of the possible ways through which the 
long list can be derived will include the following: 
A pre-defined or recommended pool: In many instances, numerous 
indicators are suggested by government or regional authorities. These 
indicators can serve as the initial long list from which a suitable subset 
will eventually be selected. 
Developed or identified using Other methods: Many indicator 
applications have utilised broad consultations with stakeholders to 
identify indicators. Similarly, methods such as PICABUE (Mitchell et 
al 1995) have proposed ways through which indicators can be 
developed. In both cases, the end result can be a long list of indicators 
to which ELASTIC can then be applied. 
Compiled from past work and applications: Sustainable transport 
indicators have been applied in many contexts, both in the academic 
literature and in practical applications. During the planning process for 
example, numerous indicators will be available to the planner from 
previous years. These indicators can therefore form the initial long list 
entered into the ELASTIC process. 
The above is not an exhaustive list of possibilities. The initial long indicator set can be 
derived from a combination of these methods as well as from other sources and 
through other mechanisms. 
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5.7 Defining the vision and goals of ELASTIC 
The vision of the ELASTC framework is known a priori. It is to select a suite of key 
indicators which when presented together can provide an overall view of the 
movement of the transport system towards or away from sustainability. This 
overarching goal is too broad and too vague to aid the indicator selection process 
however. To bring greater clarity to the process therefore, ELASTIC decomposes this 
holistic goal into its component elements so that indicator evaluation and selection is 
guided by narrower, clearer and more precise and interpretable sub-goals and criteria. 
5.7.1 Benefits of decomposing a decision problem 
Decomposition of complex decisions can significantly simplify and therefore aid the 
decision making process and its outcomes. Among other things, decomposition results 
in a deeper and more accurate understanding of what one should care about in the 
decision context. According to Fischer (1977), decompositional approaches assist in 
defining the decision problem by allowing for consideration of a larger number of 
attendant criteria and objectives than the decision maker can make holistically. On the 
contrary, attempts to examine the problem holistically without decomposition often 
results in evaluation based on a limited number of attributes. By addressing the 
problem in a piece-meal fashion, systematic decomposition of complex problems 
relaxes the information processing and cognitive demands on the decision maker, and 
thus reduces the potential for error in judgment (Kleinmuntz 1990). Two methods of 
decomposing goals and objectives in multi-criteria decision problems have been 
suggested in the literature (Buede 1986, Keeney 1992). These are; 
i. The top-down approach: This approach is vision-led. The broad goal of the 
decision problem is ascertained and a value structure is developed by 
dividing and subdividing this broad goal into sub-goals, criteria and so forth. 
ii. The bottom-up approach: This approach is driven by the alternatives. In 
this case, a value structure is generated by probing the major differences 
between the identified alternatives. The identified differences among 
alternatives are then classified into categories taken to represent criteria. 
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5.7.2 Hierarchical top-down goal decomposition in ELASTIC 
The bottom-up approach is clearly inappropriate in the context of ELASTIC as the 
initial long list of indicators will often be too large a set for all individual indicators to 
be scrutinised against each other for differences. ELASTIC therefore decomposes the 
vision for indicator selection using a hierarchical 'top-down' approach, with the 
broadest and primary goal of the process at the top, followed by cascading layers each 
specifying more precisely the meaning of the objective immediately above. This 
continues until the most precisely defined criteria are at the bottom of the hierarchy. 
The hierarchical 'top-down' approach to decomposing and structuring a decision 
problem provides a number of advantages. Some of these are enumerated below 
(Brownlow and Watson 1987, Saaty 1990, Keeney 1992). 
i) It defines an easy structure to follow: The hierarchical representation of 
goals and criteria clearly indicates the set of objectives over which attributes 
should be defined. The easy to follow structure of a hierarchy also helps to 
identify missing objectives, since the logical pattern facilitates the easy 
identification of gaps or redundancy in the hierarchy. 
Importance and position of elements are easily established: The higher- 
level goal and criteria relate to general concerns. They are easily identified and 
provide a clear basis for specification of lower-level objectives. The lower- 
level objectives collectively indicate the degree to which the associated 
higher-level objectives are achieved. Therefore, hierarchical representations 
can show how changes in priorities of high-level goals affect the priorities of 
elements at the lower levels. Similarly, the trade-offs amongst the objectives 
are illuminated more clearly when the problem is structured in a hierarchy. 
iii) Facilitates the application of MCDA techniques: All the various MCDA 
methods require that the decision problem is structured in a hierarchy (see for 
example, Miller 1970, Keeney and Raiffa 1976, Saaty 1980, Von Winterfelt 
1980, Brownlow and Watson 1987, etc. ). The ELASTIC hierarchical design 
therefore enhances its amenability to all these various MCDA techniques. 
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5.7.3 Structure of the ELASTIC goal hierarchy 
It has been made clear in the previous section that hierarchies provide a useful 
structure for arranging the goals and objectives of a complex decision problem such as 
selection of key sustainable transport indicators. However, a hierarchy has to be 
formulated with due care to ensure that it maximises understanding and is conducive 
to the human decision-making and cognitive processes (Pbyh6nen et al 2001). 
The ELASTIC hierarchical arrangement of goals and criteria is therefore structured 
around three logical theoretical constructs. These layers of the hierarchy are described 
in descending order in Box 5-1 below. 
Overall Goal 
The Overall goal characterises the reason for interest in the decision situation and defines 
the breadth of concern. It therefore defines the vision that is desired to be obtained through 
the process. This is pre-defined for ELASTIC and will typically be the selection of a key 
suite of sustainable transport indicators. 
Sub-goals 
The above high-level goal of ELASTIC, while setting the context of the decision problem, is 
too all-encompassing and vague to guide the indicator selection process. To provide clearer 
guidance for the selection process therefore, the overarching goal needs to be broken down 
in a way that provides narrower focus. Therefore this second layer of the hierarchy is 
comprised of sub-goals that provide a clearer definition of the overall goal. 
Criteria 
The sub-goals while useful, can still be relatively too broad to clearly guide the selection 
process. The third level of the hierarchy is therefore a set of specific and narrow criteria that 
decompose the sub-goals to provide an even more precise focus for the decision problem. 
Among other things, these criteria are expected to be mutually exclusive and must be 
capable of being assessed on a measurable scale. The specification of key criteria is a very 
important stage in applying ELASTIC as they represent the bases against which the 
suitability of sustainable transport indicators is measured and evaluated. These criteria 
therefore translate into tangible and measurable terms, the vision and goals of the ELASTIC 
framework. 
Box 5-1: The components of the ELASTIC goal hierarchy 
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5.8 Populating the ELASTIC goal hierarchy 
It is clear that appropriate structuring of the hierarchy of goals is key to the ELASTIC 
process. The theoretical construct of the ELASTIC hierarchy has been shown 
previously in Box 5-1. To operationalise the hierarchy however, there will be a need 
in each ELASTIC application to populate the component layers. The ELASTIC 
approach to populating the populating and specifying the various layers of the 
hierarchy are discussed in the sub-sections below. 
5.8.1 The overall goal of the ELASTIC framework 
As has been stated at various points in this chapter, the overall goal of ELASTIC is 
specific and is pre-defined. The goal is to select a manageable suite of sustainable 
transport indicators which when presented together can provide an indication of the 
movement of the transport system towards or away from sustainability. Stated more 
formally; 
Given a set A of suggested sustainable transport indicators, ELASTIC 
enables the selection of a subset A' of A, comprised of as small as possible a 
number of sustainable transport indicators, judged by stakeholders to be the 
most appropriate for assessing the sustainability of a given transport system. 
As by-products of the ELASTIC process, the following outcomes may also be 
achievable: 
mA rank-ordering of the indicators from the best to the worst 
During application of ELASTIC, the full set of indicators are evaluated and a 
measure of performance derived for each. Using their respective measures, a 
ranking of indicators in the set of alternatives A or A', can then be defined. 
m Classification of indicators into pre-defined homogeneous groups 
ELASTIC illuminates the performance of indicators on select criteria using a 
systematic process. It is then a straight-forward exercise to categorise the 
indicators from the set of alternatives A based, for example, on their perfon-nance 
on criteria Cj and C2. 
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5.8.2 The sub-goals and criteria of the ELASTIC framework 
To further define the overarching and holistic goal of the ELASTIC process, it is 
decomposed into two prescribed sub-goals. These sub-goals are: 
1. To maximise the methodological quality of the indicators; 
2. To maximise the relevance of indicators to the concept of sustainable 
transport. 
5.8.2.1 Maximising the methodological quality of the indicators 
To perform their roles adequately, indicators are required to have certain 
methodological strengths and attributes. These attributes often relate to the confidence 
and ease of the input of data, and in the integration and output of information relevant 
to the indicator. Among other things, methodological quality determines the 
feasibility and usefulness of an indicator. Methodological strengths are also key to 
acceptance and credibility of the indicators by decision makers and stakeholders alike. 
Therefore, the more methodologically sound the indicators are, the intuitively better 
they are taken to be. Based on this tenet, the first sub-goal of ELASTIC is to 
maximise the methodological quality and analytical soundness of selected sustainable 
transport indicators. 
5.8.2.1.1 Criteria relating to methodological guality 
There are numerous characteristics and attributes related to the input, integration and 
output of information that can determine the methodological quality and analytical 
soundness of an indicator. A full list of such methodological characteristics was 
shown previously in Box 3-2. ELASTIC has taken the most encompassing of these 
characteristics and embedded them in the framework as criteria to determine the 
methodological quality of indicators. Given that the desirable characteristics of 
indicators are well established in the literature and practice, the five ELASTIC 
methodological criteria shown in Box 5-2 below, are prescribed and are not expected 
to change with application. As will be discussed in the subsequent subsections 
however, the importance weight attributed to each criterion will differ with context. 
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i) Measurability 
A sustainable transport indicator should be capable of being measured in a theoretically 
sound, consistent and easily understood manner. 
ii) Ease of availability 
It should be possible to easily and at a reasonable cost, collect reliable data on the 
indicator or calculate/predict the value of the indicator using accepted models. 
iii) Speed of Availability 
Data from which the indicator is derived or calculated should be regularly updated with 
a view to ensuring the shortest time lag possible between the state of affairs being 
measured and the indicator becoming available. 
iv) Interpretability 
An indicator and its calculation should yield clear, unambiguous information that is 
easily understandable to the target audience. 
v) Transport's impact Isolatable 
It should be possible to isolate transport's share of the impact that the indicator is 
purporting to measure. 
E3ox 5-2: The methodological criteria prescribed in the ELASTIC framework 
In obtaining this reduced subset of five criteria, an effort has been made to capture the 
essence of the broader set of nine criteria previously shown in Box 3-2. As would 
have been observed, there was inevitably some overlap in the previous set. 'Clarity in 
value' for example, is captured to a great extent by 'Interpretability'. Similarly, 
'Measurability' and 'Logical and scientific defensibility' are synonymous. In deriving 
the reduced subset in Box 5-2, great care has been taken to specify their definitions in 
such a way that they adequately cover those criteria that they have subsumed and 
which have now been omitted. This was the case with both 'Interpretability' and 
'Measurability', which were defined such that they incorporated 'Clarity in value' and 
'Logical and scientific defensibility' respectively. 
It will be noted that the criterion 'Policy relevance' previously shown in Box 3-2 is 
not covered in this revised Box 5-2 as it is adequately met by ELASTIC's second sub- 
goal of relating indicators to 'the concept of sustainable transport'. The way in which 
this sub-goal, and by extension 'Policy relevance' is addressed by ELASTIC is 
discussed below. 
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5.8.2.2 Relevance of indicators to the concept of sustainable transport 
As the overall goal of ELASTIC is to select a set of key sustainable transport 
indicators, it is necessary to ensure that that they capture as much as possible, issues 
that are key and pertinent to the concept of sustainable transport. May et al (2003) for 
example, suggest that the process of monitoring sustainable transport needs to be 
based on objectives and on indicators relevant to those objectives. 
However, sustainable transport is a fuzzy concept and as a consequence, statements 
about sustainability and sustainable transport are often very general and broad. This 
has served to foster a variety of legitimate interpretations of sustainable transport 
(Gudmundsson 2003 a). A key tenet of the ELASTIC framework is that such 
interpretation of sustainable transport must be dictated by context. It is this context- 
specific interpretation of sustainable transport that indicators would then be expected 
to reflect. Even a context-specific interpretation of sustainable transport however, 
would still be inherently too general to guide indicator selection and evaluation. 
Consequently, it will be necessary bring precision to any interpretation by 
decomposing it into key objectives. 
The ELASTIC methodology therefore integrates context-specific interpretations of 
sustainable transport into the indicator selection process by enabling the specification 
of key and precise objectives of sustainable transport reflecting the given context and 
the accepted interpretation of sustainable transport in that locale. Indicators are then 
appraised based on the strength of their relevance to these objectives. 
5.8.2.2.1 Criteria elaborating on relevance to sustainable transQort 
By linking the indicator selection process to key objectives of the given sustainable 
transport system, it is ensured that the resulting indicators will be well founded, and 
that the indicators' relationship to the context-specific interpretation of sustainable 
transport will be well established and credible. 
As a result of the broadness and varying interpretations of the concept of sustainable 
transport, numerous objectives can be suggested in any given context. Examples of 
objectives that have been suggested in the literature and practice were shown 
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previously in Table 2-1. That was not an exhaustive list however, and it is plausible 
that additional objectives may be proposed. Indeed, the application of the indicators 
may themselves illuminate gaps and priority areas which may identify or necessitate 
re-stating or redefinition of the sustainable transport objectives in a given context. 
In view of the fact that different interpretations and therefore different objectives of 
sustainable transport will exist in different applications and context, a key feature of 
ELASTIC is that it is not prescriptive in its specification of sustainable transport 
objectives. Logically, they will have to reflect a reasonable interpretation of transport 
sustainability. However, ELASTIC allows the context to determine the choice of 
objectives. As such, and unlike the methodological criteria, no definitive sustainable 
transport objectives are prescribed by ELASTIC. 
5.8.3 The value tree: Diagram of the ELASTIC hierarchy 
once the goal, sub-goals and criteria of the ELASTIC framework have been defined, 
the full complement can be shown diagrammatically. The ELASTIC value tree is a 
graphical and hierarchical representation of the goal, sub-goals and criteria in a given 
indicator selection problem. The competing indictors are not included in the value 
tree. Instead, the value tree forms the basis on which they are evaluated. A generic 
ELASTIC value tree is shown in Figure 5-3 below. 
-ru 
0 
0 
9 
.0 Maximising methodological :3 U) quality 
Selecting a good sustainable 
Transport Indicator 
Criterion Al Criterion A2 Criterion A3 
Figure 5-3: A generic ELASTIC value tree 
Maximising relevance to 
the concept of sustainable 
transport 
Criterion BI Criterion B2 Criterion B3 
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The value tree presents a useful visualisation of the decision problem and can 
illuminate various factors about the full complement of goals and criteria (Keeney and 
Raiffa 1976, Buede 1986, Keeney 1992, Goodwin and Wright 1998). Pertinent issues 
about the sub-goals and criteria that can be illuminated by a value tree include; 
9 Completeness: If the tree is complete, all the criteria that are of concern to the 
decision-maker would have been included. 
e Operationality: This criterion is met when all the lowest-level attributes in 
the tree are specific enough for the decision maker to evaluate and compare 
them for different options. 
9 Decomposability: This criterion requires that performance of an option on 
one criterion can be judged independently of its performance on another. 
9 Redundancy: If two attributes duplicate each other because they actually 
represent the same thing, then one of those attributes is clearly redundant. 
* Size of the tree: The larger the tree, the more difficult it is to analyse it. 
As will be demonstrated in subsequent chapters, 'completeness' can only be truly 
ascertained by thoroughly interrogating the tree with a view to confirming that the 
variety of issues influencing sustainability have been adequately reflected. However, 
the ELASTIC value tree provides a valuable preliminary indication of 'completeness' 
by enabling simultaneous viewing of the various issues and criteria in a single 
graphical representation. 
5.9 Weighting the sub-goals and criteria 
Specification and population of the goal hierarchy is fundamental to the ELASTIC 
framework and sets the stage for the ensuing analysis which ultimately culminates in 
identification and selection of the suite of indicators collectively known as the 
Transport Sustainability Profile (TSP). 
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While the populated goal hierarchy clearly displays the goals and criteria on which 
eventual indicator evaluation will be based, specification of these goals and criteria 
alone cannot unilaterally guide the indicator selection process. This is due to the need 
to take consideration of two important tenets of the ELASTIC framework, namely; 
The need for participatj . on 
fi. The context-specificity of sustainable transport assessment 
5.9.1 The need for participation 
Active participation and inclusion of relevant stakeholders in the decision-making 
process is a key principle of sustainability and sustainable transport planning (Innis 
and Booher 2000, Szyliowicz 2003). Therefore, in compiling an indicator set it is 
necessary to involve stakeholders in the development and selection process. 
The various benefits of involving stakeholders in the assessment process have 
previously been discussed in Chapter three and include the fact that multiple groups 
are better suited to address the broad issue of sustainability, and the fact that 
involvement of stakeholders enhances their sense of ownership of the indicator set. 
once the goals and criteria have been specified therefore, a key element of 
ELASTIC's subsequent processes is to ensure that the views of relevant stakeholders 
and interest groups are included in the analysis. This is ensured, as will be discussed 
later, by enabling them to prioritise and express preferences among the various goals 
and criteria in the ELASTIC value tree. 
5.9.2 The context-specif ! city of sustainable transport 
The fact that different localities and stakeholders will interpret sustainable transport 
differently which will then be reflected by varying objectives for sustainable 
transport, has been previously discussed. Additionally, after having chosen a given set 
of objectives, different localities and stakeholders will also have different priorities 
among the sub-goals and criteria according to their particular circumstances (Minken 
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et al 2003). Therefore, given the context-specific nature of sustainable transport, not 
only should the set of goals and criteria be chosen to reflect the specific nuances of 
the area to which they applied, but the different levels of emphasis given to sub-goals 
and criteria must also be illuminated (Cocklin 1995, Gustavson et al 1999). 
In recognition of the need to adequately reflect context, the subsequent ELASTIC 
processes also seek, inter alia, to illuminate the relative importance of the various 
components of the value tree based on the priorities assigned to its different 
components by stakeholders in the context in which the indicators are to be applied. 
5.9.3 Participatory weighting of the value tree's components 
To ensure adequate participation of stakeholders and that the context-specific nature 
of sustainable transport is captured, a mechanism is needed which enables the 
different sub-goals and criteria in the value tree to be prioritised in a way that takes 
due consideration of the local context and which is based on stakeholders' values. The 
approach of the ELASTIC framework is to derive context-specific 'weights of 
importance' for the various sub-goals and criteria. A weight in this context is a 
numeric value assigned to a sub-goal or criterion that indicates its importance to 
achieving the overall goal, relative to other sub-goals and criteria in the value tree. 
Among other things therefore, the numeric weights allow the trade-off between the 
various ELASTIC sub-goals and criteria to be ascertained. 
Logically, to meet ELASTIC's key tenets, any technique used to derive weights for 
the various sub-goals and criteria in the value tree, must be able to: 
Reflect the context in which the assessment is being undertaken; 
Incorporate and reflect the values of key stakeholders; 
Ultimately enable the evaluation and selection of indicators. 
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5.10 Weighting techniques in Multi-Criteria Decision Analysis 
Multi-Criteria Decision Analysis (MCDA) provides numerous techniques for 
derivation of weights for competing elements in any context. In this regard, MCDA 
techniques can therefore be useful for derivation of numeric weights of importance for 
the various sub-goals and criteria in the ELASTIC value tree. Invariably however, 
some MCDA techniques will meet the ELASTIC requirement for flexibility and 
stakeholder participation better than others. Several potential MCDA weighting 
techniques and their suitability to ELASTIC are examined below. Eventually, a 
preferred ELASTIC approach is identified and the choice adequately justified. 
5.10.1 The'Fixed Point Scoring' weighting method 
This weighting method proceeds by first assigning a fixed number of points, such as 
100,10 or any other number. A decision-maker is then required to distribute these 
points among the different criteria that are being weighted (Easton 1973). The rational 
for allocation is simple; the more points a criterion receives the greater its relative 
importance. Assigning 0 points to a criterion is equivalent to ignoring it and 
conversely, assigning 100 points to one criterion is equivalent to ignoring all other 
criteria but that one. Individual criterion ratings can be normalised so that all weights 
sum to 1, by dividing the points allocated to a criterion by the maximum number in 
the scale. An example of normalisation for a scale with a maximum of 100 points is 
shown in Equation 5-1 below. 
ri 
100 
Mere: 
Equation 5-1 
wj is the normalised weight (ranging in value from 0 to 1) for criterion j; 
rj is the fixed score (a number between 0- 100) assigned to criterion 
A key advantage of a fixed point scoring system is that it forces the decision makers 
to make trade-offs in a decision problem. As such, fixed point scoring is the most 
direct means of obtaining weighting information from the decision maker. Moreover, 
it requires minimal amount of operations and calculations to transforrn the fixed-point 
score supplied by decision maker into a vector of weights. 
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A major disadvantage of fixed-point scoring however, is that those required to assign 
the weights may find making the trade-offs difficult. Fixed point scoring requires one 
to directly ascribe higher importance to one criterion by lowering the importance of 
another. This requires careful and precise consideration of the relative importance of 
each criterion (Zeleny 1974). Another related disadvantage of the fixed-scoring 
method is that when used in group settings, convergence and agreement of individual 
weights and ranks may be impossible (Barron and Barret 1996). Moreover, this 
method lacks a sound theoretical foundation and its practicality is limited to a small 
number of criteria. 
5.10.2 Graphical weighting method 
With the graphical weighting technique, the decision maker is required to indicate 
preferences utilising visual scales. The preferences expressed on these scales 
ultimately forms the basis for derivation of quantitative weights. There are many 
variations of the graphical weighting technique. One of the most popular approaches 
is to require the decision maker to place a mark on horizontal lines reflecting the 
competing criteria as shown in Figure 5-4 below. The importance of a criterion 
increases as the mark is placed closer to the right end of the line. A quantitative score 
is calculated by measuring the distance from the mark to the left of the line. The 
scores are then normalised to derive a vector of criteria weights. 
Criterion Less Important -------------------- 0, More important_ 
CI 10 
C2 10 
0 10 
Figure 5-4: Graphical weighting example 
The advantage of this method lies in its obvious simplicity. It enables decision makers 
and stakeholders to express preferences in an easily understandable graphical manner. 
However, this method also presents a difficult problem to the decision maker in 
demarcating useful trade-offs. Moreover, as with the fixed point scoring approach, the 
graphical weighting technique is unsupported by any formal theoretical 
underpinnings. 
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5.10.3 Ranking methods of weighting 
As the name implies, 'ranking methods' require the decision maker to rank the criteria 
in order of importance reflecting his or her preferences. Once the criteria have been 
arranged in some order, the ranks are then converted to numeric weights. Stillwell et 
al (1981) have proposed several procedures for converting rank-order information 
into numeric weights Three of these procedures are presented below. 
The Rank Sum method derives weights by applying the following fon-nula; 
W, 
n-R, +l 
(n 
- Rj + 1)) 
j=l 
Equation 5-2 
Mere: wi is the normalised weight (ranging in value from 0 to 1) for the criterion i; 
n is the number of criteria under consideration; 
Ri is the rank position of criterion i. 
The Rank Reciprocal procedure computes weights from the normalised reciprocals of 
a criterion's rank using the formula in Equation 5-3 below: 
-,: 
IlRj 
Equation 5-3 W, -n 
I Rj 
j=l 
Mere: wi is the normalised weight of criterion i; 
Ri is the rank for the ith criterion 
The Rank Exl2onent Method requires the decision maker to specify the weight of the 
most important criterion on a 0-1 scale. This weight is entered into equation 5-4 
below. 
w , 
(n 
- Ri + 1)' Equation 5-4 
Z n-Rj +1) z 
J=l 
The value of z can be derived through an iterative procedure. Once z is determined, 
weights for the remaining criteria can be calculated. When z=0, all weights will be 
equal; and when z=1, the method becomes the same as the 'rank sum' procedure. 
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Advantages and Disadvantages of Ranking 
The ranking approach to deriving criterion weights is attractive due to its simplicity. 
In practice however, the number of criteria present in most MCDA applications limits 
the practicality of using ranks. The larger the number of criteria the more difficult it is 
to reliably order them (Voogd 1983). Ranking techniques have also been criticised for 
lack of adequate theoretical foundations (Kleindorfer et al 1993). 
5.10.4 Swing-weighting approach 
The swing weighting technique assigns numerical weights to criteria by assessing the 
desirability of a criterion relative to other criteria (Von Winterfeldt and Edwards 
1986). The decision maker is first asked which of the criteria he would improve if all 
criteria were at an equal, poor perfom-fing point. The criterion with the biggest swing 
in preference from 0 to 100 is identified. This criterion is then assigned a score of 100, 
and becomes the standard against which all other criteria are judged. 
Once this criterion is chosen, all other criteria are assessed one at a time, by 
comparing the swing to the swing in the 'standard' criterion. For example, if the 
second criterion is judged to represent 80 percent of the swing value of the standard 
criterion, it is assigned a score of 80. The process is continued for all other criteria. 
Criterion 1 
71 
100 - Best 
85 
0 Worse 
I Criterion 2 
ý] I 
Criterion 3 
71 
Best 
Best 
Worse Worse 
Figure 5-5: Derivation of swing weights for a set of criteria 
In the example above for example, the swing from the worst to the best position for 
criterion 2 is considered to be 85% as important as the swing of criteria 1, so, it is 
given a score of 85. Similarly, a swing from the worst to best position for criterion 3 is 
considered to be 75% as important as a swing in criterion 1, so criterion 3 is given a 
score of 75. Numeric weights are derived by normalising these percentage scores. 
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5.10.5 The problems with the above approaches 
The weighting mechanisms discussed above suffer from several common shortfalls. A 
primary concern is the fact that none of them are based on robust theoretical 
foundations (Kleindorfer et al. 1993). Similarly, they all require the decision maker to 
make direct comparison of the differing criteria either by applying swing preferences, 
graphical marks, ranking or scores. Zeleny (1974) has argued that attempting to 
extract inforination regarding preferences by directly questioning the decision maker 
is an innately defective process as humans are inherently incapable of processing the 
relevant information about all criteria into stable weights. This difficulty is 
exacerbated as the number of criteria increases. Moreover, as there is no structured 
process to guide any of the above techniques, it is not infeasible that application of the 
respective procedure may vary from one application to the next. Such absence of a 
defined process also limits the auditability of the results of these methods. Finally, as 
suggested by Barron and Barret (996), methods that directly elicit weights are 
unsuited for group decision making as forging some agreement and balancing the 
conflicts among the different weightings is often impossible. 
5.11 Analytic Hierarchy Process: ELASTIC weighting approach 
To be effective, ELASTIC will necessarily have to adopt a weighting technique that 
alleviates the problems with the above methods, particularly the pervasive absence of 
robust theoretical underpinnings. The Analytic Hierarchy Process was deemed to be 
appropriate for this purpose. 
Originally devised by Saaty (1980), the Analytic Hierarchy Process (AHP) is a 
systematic and theoretically-grounded method for deriving relative weights of 
importance (or priorities) for a set of criteria, objectives or indeed, any set of 
alternatives. Weights are not assigned directly as in the methods described in section 
5-10 above. Instead, AHP converts the subjective individual comparisons of criteria 
into ratio-scale weights that can then be aggregated across all relevant individuals to 
provide group-weights for the criteria (Forman and Gass 2001). Among other things, 
this non-direct weighting approach enables the incorporation of data, experience, 
insight and intuition in a logical and methodological manner. AHP is therefore well 
suited to the analysis of the complex concept of sustainability as it allows the 
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incorporation of both objective and subjective considerations into the decision making 
process (Forman and Selly 2002). Due to these positive attributes, AIHP has been 
widely applied to solution of complex problems across a wide spectrum of areas and 
sectors. Some of the areas to which AHP has been applied are shown in Table 5-1. 
Sector Application Reference 
Energy and environmental management Bose and Anandalingam, 1999 
Design of renewable power systems Chedid et al, 1998 
Environmental 
Planning Decision support 
for energy conservation Kablan, 2004 
Environmental Impact Assessment Solnes, 2003 
Water Resource Planning Willet and Sharda, 1991 
Planning transport fuel use Poh and Ang, 1999 
Predicting afternative transport fuel use Winebrake and Creswick, 2003 
Regulating on marine freight loads Yang and Perakis, 2004 
Transport 
Evaluating rail transit strategies Ger9ek et al, 2004 
Evaluating transport projects Ferrari, 2003 
Traffic planning for earthquakes Modarres and Zarel, 2002 
Forecasting the economic resurgence Blair et al, 2002 
Budget planning in the Public Sector Greenberg and Thomas, 1994 
Economic 
modelling and Costing Partovi, 1991 
forecasting 
Forecasting Foreign exchange rates Blair et al, 1987 
Analysing international trade Saaty and Cho, 2001 
Computer selection Moshe, 1993 
Selection of afternative mission architecture Tavana 2004 
Product for space exploration , 
Selection Selection of catering services Kahraman et A 2004 
Selection of financial finstruments Meziani and Rezvani, 1990 
Facilities and 
Planning facility layout Partovi and Burton, 1992 
systems Panning nuclear facilities and plants Zio et A 2003 Planning 
Assessing designs Mechanical Engineering Pedrycz, 1992 
Comparing livable cities Saaty, 1986a 
Social analysis 
I 
Promoting participatory health care Singpurwalla et al, 1999 
Table 5-1: Examples of applications of the Analytical Hierarchy Process 
98 
Chapter Five: A methodological framework for indicator-based sustainable transport assessment 
5.11.1 The AHP procedure 
Essentially, ABP provides a method for converting subjective assessments of relative 
importance into a set of overall scores or weights. Once the decision problem has been 
decomposed and the ELASTIC value tree developed therefore, the application of 
ABP proceeds in two broad stages as described below. 
i. Elicitation of comparative judgments: This stage involves the construction 
of pairwise comparisons for all combinations of elements at the various 
levels of the ELASTIC value tree, with respect to their importance to 
achieving the goal or sub-goals in the levels above. 
ii. Synthesis of priorities: In this stage, the subjective comparisons made 
above are use to derive numerical weights reflecting the relative importance 
of the various sub-goals and criteria in the ELASTIC value tree. 
5.11.1.1 Eliciting of comparative judgments 
Cognitive psychological studies have shown that human beings perform poorly at 
assimilating and processing large quantities of information. AIHP therefore attempts to 
n-ýnimise the strain on human capabilities by only requiring the individual to compare 
two elements at a time. This is done through a systematic series of pairwise 
comparisons of the sub-goals and criteria. To enable the comparisons, ABP proceeds 
by taking two criteria, for example criteria Ci and Cj, and asking two questions: 
a) Which of the two criteria is more important to meeting the higher-level goal? 
b) How much or how many more times is said criterion more important relative 
to the lesser important criterion? 
There is obviously a wide spectrum of possible answers to the second question above. 
Using cognitive experiments and psychological analysis, Saaty (1980) has delineated 
the possible answers into a nine-point semantic scale reflecting a range of strength of 
preference from "about the same" to "extremely more important". Furthermore, Saaty 
also codified these qualitative descriptions of strength of preferences into numeric 
intensities of importance as shown below in Table 5-2 below. 
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Intensity of Definition Explanation Importance 
Equal importance The two criteria contribute equally to achieving the objective 
3 Moderate Importance 
Experience andjudgement slightly favours one 
criterion over another 
5 Strong importance xpen 
. ence andjudgement strongly favours one 
criterion over another 
7 Very strong importance 
A criterion is strongly favoured over another 
and its dominance is demonstrated in practice 
The evidence favouring one criterion over 
9 Extreme importance another is of the highest possible order of 
affirmation 
For compromise intermediate values that can be used to 
2,4,6,8 between the above 
I 
represent shades of judgement between the 
I values five basic assessments above. 
Table 5-2: Saaty's codified semantic intensity scale for pairwise comparisons 
5.11.2 Principles and Axioms of the Analytic Hierarchy Process 
The AHP process is guided by four well defined axioms (Saaty 1986 b). To put the 
subsequent description of AHP's synthesis of numeric weights into perspective, it is 
useful to first examine these axioms of AHP. 
Reciprocal Judgments Axiom 
Where; Pc(C,, C, ) is a paired comparison of criteria C, and C2 with 
respect to their parent, sub-goal B, and representing how many times more 
criterion C, possesses a property than does criterion C2; and 
Pc(C,, C, ) is a paired comparison of criteria C2 and Cl with respect to 
their parent, sub-goal B, and representing how many times more criterion 
C2 possesses a property than does criterion Cl; 
Then; PC(C29C&"ý 
I 
PC(Cl 
. 
C2) 
Therefore, if criterion C1 is assigned one of the non-zero numbers in Table 
5-2 above when compared with criterion C2, then C2 has the reciprocal 
value when compared with C1. For example, if C1 is felt to be 'very 
strongly more important' than C2, and therefore assigned the number 7; 
then I would be assigned to C2 relative to C1. 
7 
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Homogeneity Axiom 
This axiom states that the elements being compared should not differ 
significantly in the property being compared, as there will tend to be larger 
errors in judgment. When constructing a hierarchy of criteria or sub-goals 
therefore, one should endeavour to arrange related elements in 
homogeneous clusters so that they do not differ greatly. 
iii) Hierarchical or feedback dependent structure 
The weightings and rankings of elements in a hierarchy do not depend on 
lower level elements. Thus, while the preference for criteria is almost 
always dependent on the higher level sub-goals, the importance of sub- 
goals will not be dependent on the various criteria. 
lv) Rank Order Expectations 
Individuals who have reasons for their beliefs should make sure that their 
preferences are adequately represented for the decision outcome to match 
their expectations. The generality of AHP makes it applicable in a variety 
of ways. Adherence to this axiom prevents inappropriate applications. 
5.11.3 Synthesis of priorities 
When the outcomes of the pairwise comparisons are reflected using Saaty's numeric 
scale of intensities, a matrix of ratios, A, can be obtained showing the general 
relativities between criteria as reflected in the pairwise comparative judgements. As 
per Saaty's scale and the axiom of reciprocal judgements, the value assigned to a cell 
(aij) in this matrix of ratios will always be in the interval [1/9,9]. 
For example, let C1, C2,... ' C,, be a set of criteria, and the quantified judgements on a 
pair of criteria Ci, Cj are represented by an n-by-n matrix A as described above. If 
criterion Ci (row element) and criterion Cj (column element) are judged to be of equal 
importance, then ay (the value in the matrix at the intersection of row i and column j) 
will be 1. However, if Cj is judged to be 'strongly more important' than Ci, then aij is 
set to 5 as per Saaty's scale in Table 5-2. On the other hand, if Ci is 'strongly more 
important' than Cj, then aij is set to the reciprocal of the importance score (i. e., 115). 
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As each criterion is logically of equal importance to itself, the values entered into the 
diagonal cells of the matrix will always be equal to 1. Therefore, for a set of n 
elements in a matrix, one needs 
(n2 
-1)/2 comparisons since there are n I's in the 
diagonal cells for comparing elements with themselves and of the remaining 
judgements, half are reciprocals. An example of a matrix of ratios A derived from 
pairwise comparisons of a set of criteria, C1, C2, C3, ..., C,,, is shown below. 
1 a, 2 a13 ... aln 
') 
1/a, 2 1 
a23 ... a2, 
11a13 1/a23 1 
... a3, 
ilal, 11a2n 11a3n -1 
Having recorded the quantified judgements on pairs (Ci, Cj) as numerical entries aij in 
the matrix A, the next step is to assign to the n criteria, CI, C2, C3, ... ' C, a set of 
numerical weights wl, w2, w3 .... w,, that 'reflect the recorded judgements'. 
Intuitively, the ratios in matrix A derived from the various comparative judgements 
will reflect the perceived relative weights, w's, of the n criteria. Thus the relationship 
between the weights wj and the judgements aij can be given as; 
w, 
= aij (for all i, j=1,2,3, n) Equation 5-5 
wi 
The matrix A can therefore be re-formulated as; 
01 wl /wl WI 
/W2 W11W3 **' WllWn 
'ý 
W2/WI W2 
/W2 WJW3 - W2/wn 
W31W1 W3 
/W2 
W3 
/W3 
-w 3/w n 
ýw 
nlw 1 
Wn 
/W2 
Wn 
/W3 
Wn 
lWn 
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If it is assumed, as above, that the ratios of comparative judgements are inherently 
based on relative criteria weights, Saaty (1980) proposes that the vector of true scale 
weights, w, can be recovered by using the following equation: 
WIN Wl 
/W2 WI/W3 
W2/Wl W2 
/W2 W2/W3 
Aw W31WI W3 /W2 W3/W3 
ýW. 
/wl Wn /W2 Wn /W3 
WI/W., -wl- -wi- 
W2 1Wn W2 W2 
W3 IN X W3 =n w3 = nw 
W-1wn) LwnJ Lwn J 
Where A has been multiplied on the right by a vector of weights w. The result of the 
multiplication is nw. The problem of solving for the non zero solution to this set of 
equations is very common in engineering and physics and is known as an eigenvalue 
problem. Thus to recover the scale w from the matrix of ratios A, one must solve the 
following eigenvalue problem: 
Aw=nw or(A-nl)w=O Equation 5-6 
This a system of homogeneous linear equations. It has a non-trivial solution if and 
only if the determinant of A- nI vanishes. That is, n is an eigenvalue of A. The 
solution to this set of equations is, in general found by solving an nth order equation 
for 1. Thus, in general, there can be up to n unique values for 1, with an associated w 
vector for each of the n values. 
In this case however, the matrix A has a special form in that A has unit rank, since 
each row is a constant multiple of the first row. The rank of the unit matrix is 1, and 
thus all the eigenvalues of A are zero, except one. Since the sum of the eigenvalues of 
a matrix is equal to its trace, i. e., the sum of its diagonal elements, and in this case the 
trace of A is equal to n, the size of the matrix. 
Thus n is the principal eigenvalue of A, and has a nonzero solution w. The solution 
consists of positive entries and is unique within a multiplicative constant. It is the 
principal right eigenvector of A. 
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To make w unique, one can normalise the entries by dividing by their sum. Since 
dividing two readings from a ratio scale results in an absolute number, normalisation 
transforms a ratio scale into an absolute number. Thus, given the comparison matrix, 
one can recover the original scale in relative terms. In this case, the solution is any 
column of A normalised. The matrix A has two relevant properties: 
m It is reciprocal. The condition aij= Vaji holds true; 
m It is consistent. The entries satisfy the condition, ajk = aidaij. 
Thus the matrix can be constructed from a set of n elements which form a spanning 
tree across the rows and columns. If values from a standard scale are used to make the 
comparisons, the principal eigenvectors recovers these values in normalised form. 
5.11.4 The presence of Inconsistent judgements 
In the general case, the precise value of wlwj cannot be given, but instead only an 
estimate is obtained as a numerical value. For example, consider an estimate of these 
values by an expert who is assumed to make small perturbations of the ratio wlwj 
This implies small perturbations of the eigenvalues. 
The problem now becomes AW =A.,, W, where A.,, is the largest eigenvalue of 
A /, and Wis its corresponding eigenvector. 
The problem is now ascertaining how good the estimate of w is. Note that if w is 
obtained by solving AV =A.,, w', the matrix A, whose entries are wi lwj . is a 
consistent matrix. It is a consistent estimate of the matrix A'. A' itself need not be 
consistent. In fact, the entries of A'need not even be transitive; i. e., Cl may be 
preferred to C2 and C2 to C3, but C3 may be preferred to Cl. 
There are several reasons suggest several reason why the values in the pairwise 
comparisons may be inconsistent (Saaty 1999, Forman and Selly 2002). Some of 
these reasons are shown in Box 5-3 below. 
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Clerical Error 
When entering one or more judgments prior to analysis, i. e., into a computer, the wrong value 
may be erroneously entered. 
Lack of Information 
if the person whose judgements are being elicited has little or no information about the factors 
being compared, then judgments will tend to be random and high inconsistencies will result. 
Lack of Concentration 
Lack of concentration during the judgment process caused by fatigue or a lack of interest in 
the decision can also cause inconsistencies. 
Inherent Inconsistency in the real world 
The real world is rarely perfectly consistent and is sometimes fairly inconsistent due to 
random fluctuations, underlying causes, or a combination. Regardless of the reasons, real 
world inconsistencies will reflect themselves in judgments. 
Inadequate model structure 
A final cause of inconsistency is "inadequate" model structure. Lack of homogeneity within 
clusters, unrelatedness and sparseness can contribute to inconsistency due to the extreme 
judgments necessary. 
Box 5-3: Some reasons for inconsistent judgements 
5.11.5 Treatment of Inconsistency 
AHP allows inconsistency, but provides a measure of the inconsistency for each set of 
judgments. This measure is an important by-product of the process of deriving 
priorities based on pairwise comparisons. 
It turns out that A' is consistent if and only if A.,, =n and that it is always the case 
that A.,, 2z n (Saaty 1977, Saaty 1986 b, Saaty 2000). The existence of the vector w' 
with positive components and its uniqueness to within a multiplicative constant in the 
inconsistent case, is rigorously proven by using perturbation theory applied to the 
consistent case. Thus, w'belongs to a ratio-scale. 
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Since small changes in aij imply a small change in A., the derivation of the latter 
from n is a deviation from consistency and can be represented by (Affwx - n)/(n - 1). 
This is refeffed to as the Consistency Index (C. 1). 
When the consistency has been calculated, the result is compared with those of the 
same index of a reciprocal matrix whose entries are randomly selected from Table 5-2 
above. This index is called the Random Index (RI), and is obtained from an ensemble 
of reciprocal matrices whose entries are randomly selected from the 1-9 scale and 
their reciprocals. Thus for a matrix of order n, a number of matrices of the same order 
are randomly constructed and the CI (A. x - n)/(n - 
1) computed for each. Table 5-3 
shows the typical order n of the matrices and the corresponding average Rls. 
Order of matrix (n) 1 2 3 4 5 6 7 8 9 10 
Random Consistency 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 
Index (RI) 
Table 5-3: The average Random Index per orders of matrices. 
The ratio of CI to the average RI for the same order of matrix is called the 
Inconsistency ratio (IR). Saaty (1990) surmises that an IR of 0.10 (10%) or less is 
acceptable and is positive evidence of informed judgement. 
5.11.6 Stakeholder participation and aggregation of weights 
One of the many reasons why AHP is appropriate for the participatory approach at the 
core of ELASTIC, is that it enables the aggregation of individual judgements into a 
single overall group weighting. The application of ELASTIC will typically require 
elicitation of pairwise comparative judgements from a wide spectrum of individual 
stakeholders on the various sub-goals and criteria in the ELASTIC value tree. The 
greater the number of stakeholders and the wider the cross-section, the more 
participatory and therefore intuitively better the analysis. Once the pairwise 
comparisons have been undertaken therefore, AHP is applied and a set of weights for 
the various sub-goals and criteria are derived reflecting the specific values and 
preferences of each individual. To obtain a single set of overall group weights, the 
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individual weights then have to be aggregated. There are two philosophical 
approaches to aggregation within the context of AHP (Forman and Peniwati 1998). 
i) Aggregation of individual judgements: In this case, the individual pairwise 
comparisons and ratios are combined into 'aggregate comparisons'. This 
method is applicable when the analysis is not interested in individual 
preferences and biases. Therefore, it assumes that individuals have 
relinquished their own personal preferences and values., and are acting 
together in such a way that the group can be viewed as a new individual. 
ii) Aggregation of individual priorities: This approach is applicable when an 
individual is taken to be acting in his or her own right, each with his or her 
own value system. As such, it is the resultant alternative priorities of the 
various individuals that at are aggregated. 
The participatory principle of ELASTIC seeks to ensure that the differing perspectives 
and values of individual stakeholders are entered into the analysis. It is not the intent 
that all these individuals should behave as one. Instead, the aim is for all of the 
individual judgements to each contribute to the determination of the overall weights. 
Consequently ELASTIC adopts the latter aggregation approach, that is, the weights 
and priorities reflecting the values of each individual are first determined and then 
mathematically aggregated across all stakeholders to derive overall weights. 
5.0.1.1 Mathematical aggregation of weights 
Any mathematical method that is applied to aggregate individual priorities, must take 
due consideration of the Pareto principle which states that: 
Given two alternatives, A and B; if each member of a group of individuals 
prefers A to B, then the combined group must also prefer A to B. 
The pareto principle therefore seeks to ensure unanimity and agreement between 
individual judgement and the overall group weightings. Forman and Peniwati (1998) 
have shown that aggregation of individual priorities using the basic arithmetic mean 
procedure in Equation 5-7 below will satisfy the pareto principle. 
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Y=Ew, 
ln 
i=l 
Equation 5-7 
I"ere: T is the mean weighting for the criterion under consideration; 
wi is the weight given to the criterion by individual i; 
n is the number of individuals in the sample. 
The pareto principle is satisfied by Equation 5-7 since the following will hold true; 
nn 
if a, ':?: bl, i=1,2,..., n then, Zailn > 1: b, In 
Given the suitability of the arithmetic mean for aggregating individual priorities, it is 
the mathematical approach for aggregation of individual weights used in ELASTIC. 
5.11.6.1 Consistency in aggregated priorities 
Xu (2000) has shown that where the set of judgement matrices At; A2; .... An, by 
individuals in a group are of sufficient consistency, then the combined group matrix A 
will also be of sufficient consistency. Similarly, an aggregated priority matrix is of 
acceptable consistency (i. e., IR: 5 0.10) under the condition that each individual Ai (i 
1,2, ...., n) is of acceptable consistency. 
Therefore, overall group consistency is assured if each individual member's 
judgement is consistent. 
5.11.6.2 Computational support- The Expert Choice software package 
As with any analytical technique, AHP is simplified considerably by use of computer 
software. Expert Choice is a popular dedicated AHP software package 
(www. expertchoice. com). It is developed by Expert Choice Inc., a company founded 
by Dr. Thomas Saaty himself and Dr. Ernest Forman, a Professor at George 
Washington University. Expert Choice is user friendly and simple to use. It enables 
the entering of judgments in either numerical, graphical, or verbal modes and has a 
menu driven interface that enables easy handling of otherwise difficult analysis. 
Among other things, the involvement of Dr Thomas Saaty assures its theoretical 
soundness and ensures an adequate breadth of useful features. 
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5.11.7 Advantage of AHP as ELASTIC's weighting approach 
The underlying principles and characteristics of ABP render it preferable to other 
weighting techniques for use in ELASTIC. Some of these are examined below. 
i. Theoretical soundness: ABP is based on the well-defined mathematical 
structure of consistent matrices and their associated right-eigenvector's 
ability to generate true or approximate weights (Mirkin 1979, Saaty 1980, 
1990). These theoretical underpinnings of AHP have been 'proven' through 
numerous applications and validation experiments (Forman and Glass 2001). 
ii. The weights and priorities are not arbitrarily 'assigned': Unlike other 
techniques, AHP weights are not derived by direct and arbitrary assignment 
of scores. The ratio scale priorities or weights are obtained indirectly from 
the decision maker's judgments. This enhances reliability as has been shown 
by Goyal and Deshpande (2001) in an empirical comparison of various 
weight assignment techniques in Environmental Impact Assessment. 
iii. Illuminates a clear understanding of the trade-offs involved: The use of 
pairwise comparisons illuminates the decision problem and enables a clear 
understanding of the trade-offs in the elements being compared. In empirical 
applications, ABP processes and techniques have been found to better 
elucidate and clarify the decision problem and help participants understand 
the trade-offs between the different criteria (Hajkowicz et al 2000). 
iv. Inconsistency Ratio: AHP has a consistency test that can illuminate 
inconsistent judgements. Unlike other weighting techniques therefore, the 
analyst is given an indication of the consistency of the weights derived. 
v. Enables easy and efficacious judgements: AIHP elicits the pairwise 
judgements verbally, numerically or graphically. The minimal cognitive 
requirements have emboldened Forman and Gass (2001) to suggest, with 
perhaps some hyperbole, that in the 20 years of applying ABP, they were yet 
to meet anybody who had difficulties understanding AHP's questions. 
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5.11.8 Criticisms of AHP as a weighting method 
Despite the above advantages of AHP however, a number of criticisms have been 
levied against the technique (see for example, French 1988, Goodwin and Wright 
1998, etc. ). The key criticisms are examined below. 
i. Inability to accommodate a large number of criteria: For a set of n 
elements, ABP requires n(n - 1)/2 pairwise comparisons to be undertaken. 
Derivation of weights for a large number of attributes would therefore 
require vast amounts of time, effort and human resources. As such AHP is 
inappropriate when weights are required for a large number of elements. 
This problem is irrelevant in the context of ELASTIC however, as the main 
k 
purpose of the sub-goals and criteria is to bring precision to the definition of 
sustainable transport. As such a small number is always advantageous since 
a large number would perpetuate the vagueness surrounding the concept. 
ii. Rank reversal: Introducing new elements in applications of AHP can 
reverse the relative ranking of original options. This 'rank reversal' 
phenomenon was first reported by Belton and Gear (1983) who surmised, 
inter alia, that such inconsistency is due to the fact that the relative values 
for all criteria are required to sum to one. 
Saaty and Vargas (1984) rebutted that rank reversal is not only a desirable 
characteristic of AHP, but also reflective of reality since human preferences 
will be affected by the presence or absence of alternatives, which may be 
due either to changed ranges of options available, or to a realisation that a 
previously unrecognised criterion should be taken into consideration. 
ELASTIC is intended to be a flexible tool which adequately captures 
context. Therefore if rankings and weightings of ELASTIC's criteria change 
due to variation of the context in which they are being considered, then this 
would only contribute to ELASTIC's flexibility. As such, the issue of 'rank 
reversal' is not considered a problem within this context. 
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iii. Criteria are weighted separately from evaluation of alternatives: AHP 
has been criticised by Stewart (1991) because it derives importance weights 
separately from evaluation of alternatives and as such expresses weights 'in 
the absence of context'. Forman and Gass (2001) argue however, that such 
separation is inherent in all weighting techniques. 
Again, this perceived problem is irrelevant in the context of ELASTIC. As 
has been alluded earlier, a vast number of alternative indicators may be 
evaluated in any given context, and as such it will often be necessary to 
undertake the evaluation of the alternatives separately from the criteria and 
objectives weighting process. Indeed, it may even be the case that evaluation 
and weighting will be undertaken by different groups of individuals. Given 
that weighting and evaluation are inherently separate in ELASTIC, the fact 
that ABP also separates the two therefore has no adverse effects at all. 
5.12 Scoring the performance of indicators on the criteria 
once the weights for the various components of the value tree have been derived, the 
next stage in the ELASTIC process is to evaluate the performance of the long list of 
indicators against the various criteria. This is done through the derivation of a vector 
of outcome scores, S', for each indicator a. This vector is made up of a set of 
. ..... 
s, ' ,, where n 
is the number of criteria and sj' outcome scores such that S' = s,, s, ' n 
is a score representing the performance outcome of indicator a on criterion j. 
Key to this stage of the ELASTIC framework therefore, is the derivation of these 
scores, s 
a, Sa'... ' Sa for each indicator, a, in the long list. In order to maximise 12n 
objectivity and transparency, the ELASTIC process requires that these scores are 
obtained using a succinct, clear and easily decipherable scoring process. 
Numerous techniques exist for deriving such scores of performance. Indeed, in 
addition to calculating weights for the criteria, all the methods described earlier in this 
chapter can theoretically be used for deriving scores for evaluating the performance of 
indicators on the various ELASTIC criteria. 
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As has been mentioned previously however, many of these weighting methods require 
inordinate resources and effort where the number of alternatives is large. Given that 
the ELASTIC methodology may be used to select a subset from initial indicator sets 
of large sizes, a sufficiently flexible, conducive and easily applicable performance 
scoring mechanism is required. 
5.12.1 Direct Rating - The Elastic performance scoring approach 
The ELASTIC approach is to utilise a 'direct rating' technique to obtain outcome 
scores reflecting the performance of indicators on the lowest-level criteria in the value 
tree. As the name implies, direct rating techniques derive outcome scores by the direct 
assignment of a number to each indicator from a defined scale (Von Winterfeldt and 
Edwards 1986, Nijkamp et al 1990). The numerical value assigned represents the 
level and degree of an indicator's performance on the specified criterion. 
To score indicator perfonnance, ELASTIC utilises a 5-point likert scale, with 
indicator performance improving with ascending numbers as shown in Table 5-4. 
Alternatives Performance (0 = extremely poor, 4= Outstanding) 
Indicator 1 01234 
indicator 2 01234 
Indicator 3 01234 
Table 5-4: Example of direct rating entries for evaluating indicators on a criterion 
The assigned numeric values are then normalised to derive evaluative outcome scores 
depicting indicator performance, using the equation below. 
Normalised outcome score = 
Basic numeric value X100 
Sum of all likert scores in category 
The ease and simplicity of direct rating makes it perfect for a situation such as is 
likely in ELASTIC, where there may be numerous alternatives to be evaluated. 
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5.0.1.2 The role of the Analyst in evaluating indicator performance 
While the general approach to the ELASTIC framework is a participatory one, the 
scoring of indicators will have to be undertaken by an Analyst, or a team of Analysts. 
This is necessary for a number of reasons, some of which are discussed below: 
1. The sheer number of indicators: 
As the aim of ELASTIC is to select a small suite of indicators from a 
potentially large set, the number of indicators that require scoring may be 
large. A full scoring process would require nxm entries to be made; where n 
is the number of indicators and m is the number of criteria. 
This could be a very demanding analytical task and it would be unreasonable 
to require stakeholders to undertake such. 
2. The technical demands of indicator scoring: 
The technical demands of indicator performance evaluation impose constraints 
on participation. Lay members of the public will not typically have the 
expertise to score individual indicators against criteria nor have access to data 
and information necessary to undertake the scoring. This problem is 
compounded further by the inherent complexity of the concept of sustainable 
transport. 
To overcome the above problems as well as minimising subjectivity and any biases 
that may arise, indicators in the application of ELASTIC will typically be scored by 
an Analyst or a team of Analysts. As stated before, ELASTIC requires that the 
methods and approaches used in evaluation and assignment of scores are 
unambiguous, clear, transparent and auditable. 
The 5-point likert scoring system must therefore be supplemented by mechanisms that 
aid auditability. Such mechanisms could, for example, take the form of narrative text 
to give meaning and to justify the numeric performance scores assigned. 
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5.13 Numerical aggregation and preliminary selection 
Once weights have been derived for the various sub-goals and criteria in the value 
tree, and outcome scores assigned to each indicator based on its performance on the 
criteria, these measures can then be aggregated to derive an overall weighted measure 
of an indicator's performance. It is these overall weighted measures that will then 
guide the indicator selection process. There are various methods available for such 
numerical aggregation (Triantaphyllou 2000 provides an elaborate discussion of these 
techniques). The approach taken in the ELASTIC framework is to use the Simple 
Additive Weighting (SAW) model to aggregate the weights and outcome scores 
5.13.1 Simple Additive weighting (SAW) Model 
Also known as the weighted sum model, weighted linear combination, or weighted 
scoring method, the basis of the simple additive weighting (SAW) is that if there are 
m alternatives and n criteria, then the best alternative is the one that has the highest 
total weighted sum score (Triantaphyllou 2000). Due to its simplicity, the SAW 
method is probably the best known and most widely used MCDA method and is 
deemed to be a reliable and useful technique (Triantaphyllou 2000). Despite its 
simplicity, Hwang and Yoon (1981) have observed that the 'theory, simulation 
computations, and experience all suggest that the SAW method yields extremely close 
approximations to very much more complicated non-linear forms, while remaining far 
easier to use and understand'. 
The method is governed by the assumption of additive utility. That is, the overall 
performance score of each alternative is equal to the sum of the products of the 
relevant criteria weights and scores. Within the ELASTIC context therefore, SAW is 
used to derive an overall Weighted Indicator Performance Score (WIPS) for each 
indicator, a, in the initial large set of assembled indicators, A. The Weighted Indicator 
Performance Score (WIPS) is computed by multiplying the importance weight of the 
kth sub-goal, 9k, by the importance weight of the jth criterion, wj, multiplying the 
product by the normalised outcome score of indicator a on criterion j, sj', and then 
summing across all criteria, n. This can be written formally as: 
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n 
WIPS" 1, si, (g, Wd for all j=1,2,3, ..., n and k=1,2 Equation 5-8 
j=1 
Mere: WIPS,, is the is the overall weighted performance score of indicator a; 
9k is the importance weight of sub-goal k, 
wj is the importance weight of criterion j; 
sj' is the normalised outcome score for indicator a on criteriaj. 
5.13.2 Selection of a preliminary subset of indicators 
When the normalised values of the indicator outcome performance scores are used in 
the analysis, all alternative indicators in the assembled large set will record a WIPS 
somewhere in the range of 0 to 100. Logically, the higher the WIPS, the better the 
performance of the indicator. The aim of the ELASTIC framework is therefore: 
n 
a WIPS = max sj for all a=1,2,3,..., m Equation 5-9 aa 
(gkWj) 
J=I 
Using Equations 5-8 and 5-9, an initial subset of indicators can be obtained by 
selecting a defined number of indicators with the highest WIPS values. The intuitive 
ELASTIC approach is to select an initial subset of the top = 20 best performing 
indicators. However, the exact number initially selected will depend on the context 
and on the original number of indicators in the full assembled indicator set. 
5.14 Sensitivity Analysis 
ELASTIC, like all other models and frameworks, is only a representation of a process. 
It is not the exact replica of the system, as simplifications, such as in the formulation 
of the value tree, have been necessary in order to make the model operational. 
Simplifications are useful as they enable the operational description of an otherwise 
complex problem (Braat and van Lierop 1987). However, simplifications also 
introduce some risk that essential elements and mechanisms of the real world process 
may not be adequately captured. This difficulty becomes even more acute when the 
issue under consideration is as complex and broad as sustainable transport. 
115 
Chapter Five: A methodological framework for indicator-based sustainable transport assessment 
Another inherent problem of models, is the potential for unintentional errors. Despite 
the best efforts to ensure the highest level of robustness in the various ELASTIC 
procedures for example, it is not unfeasible that stakeholders' statements about 
preference between criteria, as well as the scoring of indicators by the Analysts, could 
both be subject to cognitive limitations and inherent biases. 
While the magnitude of these effects may vary, for the sake of prudence, it is always 
required that some method is included in any methodological analysis to explore the 
effects of such inevitable uncertainties on the process and outcomes. 
Sensitivity analysis is a useful technique for evaluating a model's performance and 
robustness. Essentially, sensitivity analysis examines the extent to which variation 
occurs in the model outcomes when input parameters are systematically varied over 
some range of interest, either individually or in combination. The purpose of 
sensitivity analysis is not necessarily to arrive at a different recommendation but 
rather to provide greater confidence and a more secure basis on which to make 
recommendations and decisions (Qureshi et al 1999, Jessop 2004). 
In the context of ELASTIC therefore, sensitivity analysis is necessary to examine how 
robust the preliminary selected subset of indicators are to changes in ELASTIC's 
inputs. The ultimate aim is to choose from the preliminary subset, an even smaller 
suite of those indicators that consistently perform the best under a variety of differing 
circumstances and with varied model inputs. 
5.14.1 Sensitivity analysis methods 
Numerous methods exist for conducting sensitivity analysis. Saltelli et al (2000) 
classify the various methods into two broad categories: 
i. Local sensitivity analysis methods 
Methods for local sensitivity analysis seek to evaluate the changes in the model 
outputs caused by variation of a single input parameter xj when all other xj, j: ý i, 
are kept constant. Local methods are therefore not applicable when the aim of 
the analysis is to compare the effect of various input factors on the outputs. 
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I Global sensitivity analysis methods 
Global sensitivity analysis methods vary all the input parameters simultaneously 
and as such, sensitivity is measured over the entire range of input variables. 
Stated more formally, global sensitivity analysis evaluates the effect on the 
output caused by variation of xi when all other xj, j: t- i, are varied as well. 
Within the context of ELASTIC, two categories of input variables will require varying 
during sensitivity analysis. These are (i) the weights attached to the various sub-goals 
and criteria, and (ii) the performance outcome scores assigned to indicators. Given the 
fact that each category will itself be made up of several variables, the unsuitability of 
local sensitivity methods that only consider changes in one model input is obvious. 
The ELASTIC framework therefore utilises global sensitivity analysis methods. 
5.14.2 Monte Carlo Simulation 
Monte carlo simulation provides a useful tool for global sensitivity analysis and is the 
approach used in ELASTIC. Monte carlo simulation uses probabilistic numerical 
methods to gain insight into the behaviour of complex random process (Render and 
Stair 1991). Essentially, the method utilises probabilistic simulation to undertake 
multiple random evaluations of a given model. The idea is to imitate various real 
world situations mathematically, study the resultant properties and characteristics, and 
then draw conclusions (Render and Stair 1991). One of the major advantages of 
monte carlo simulation therefore, is that numerous 'possible' scenarios can be 
generated without actually conducting physical experiments (Ossenbruggen 1994). 
As a consequence of the fact that it allows simultaneous varying of multiple weights 
and outcome scores, monte carlo simulation techniques have seen increasing 
application for sensitivity analysis in MCDA problems (see for example, Butler et al 
1997, Levary and Wan 1998, Suslick and Furtado 2001). 
5.14.3 Monte Carlo Simulation procedure In ELASTIC 
The Monte Carlo simulation process applied in the Sensitivity Analysis module of 
ELASTIC is surnmarised graphically in Figure 5-6 below. The stages are described in 
greater detail in the subsequent sub-sections. 
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Figure 5-6: ELASTIC Monte Carlo Simulation - based Sensitivity Analysis algorithm 
As can be seen in Figure 5-6 above, the sensitivity analysis module in ELASTIC Z71 
involves four broad stages, namely; 
i) 
ii) 
iii) 
iv) 
Selection of ranges and distributions for each input variable, xi, 
Generation ol'a sample from the ranges and distributions specified in (i), 
Evaluation of the model for each indicator in the preliminary selection, 
Re-ranking and selection of the best performing indicators. 
Define the distribution 
and ranges of the weights 
of sub-goals and criteria 
,a 
Define the distribution and 
ranges for performance 
outcome scores 
_a 
Generate random numbers within the distributions 
J: 
Fbtain(a 
set of sub-goal 
and riteria weigh ts 
I 
118 
Chapter Five: A methodological framework for indicator-based sustainable transport assessment 
5.14.3.1 Selection of ranges and distribution for each input variable 
Numerous types of probability distributions exist. Some of the most common, as well 
as a brief description of each, are shown in Table 5-5 below. Evans et al (2000) 
provides a more detailed description of a wider selection of distributions. 
Name Application 
The Beta distribution is used to determine the probability of the 
Beta Distribution occurrence of an event, given a number of trials n have been made 
with a number of recorded successes. 
Binomial Distribution Shows the number of success from n trials where there 
is a probability 
p of successes in each trial. 
Discrete Distribution This IS a general type of 
function often used to describe a variable 
that can take one of several explicit discrete values. 
Exponential Describes the time between occurrences of an event that is purely 
distribution random with constant probability per unit time of occurrence. 
Gamma Distribution Models the time required for a events to occur, where the events occur randomly in a Poisson process with a mean time between events of A. 
The normal distribution occurs in a wide variety of applications due, in 
Normal Distribution part, to the central limit theorem. It is frequently observed that 
variations of a naturally occurring variable will be normally distributed. 
Used to model a variable that has a minimum, but also most likely, 
Pareto Distribution value and for which the probability density decreases geometrically 
towards zero. 
Models the number of occurrences of an event in time Twhen the time 
Poisson Distribution between events follow a Poisson process. If P is the mean time 
between events, as used by the exponential distribution, then A= T/13. 
The Triang distribution is used as a rough modelling tool where the 
Triang Distribution range 
(a to c) and the most likely value within the range (b) can be 
estimated. The Triang distribution offers considerable flexibility in its 
shape and the parameters are easy to define and conceptualise. 
Uniform Distribution The uniform 
distribution is used as a very approximate model when no 
(or little) data is available. 
Weibull Distribution Is used to model the time until occurrence of an event where 
the 
probability of occurrence changes with time. 
Table 5-5: Selection of probability distributions and their most common applications 
Saltelli et al (2000) has shown that sensitivity analysis generally depends more on the 
selected ranges than on the assigned distributions. Therefore, in the absence of 
previous information about the statistical distributions of the input variables, a crude 
characterisation may be adequate, especially if the analysis is primarily explanatory. 
In this regard, two types -of distributions are assumed for the two categories of 
numeric inputs into the ELASTIC framework, namely: 
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1. Normal Distribution for the sub-goals and criteria weights 
The normal distribution is the most applied statistical distribution. This is a 
direct result of the Central Limit Theorem which at its simplest, states that the 
mean it of a population of independent observations under certain general 
conditions, will tend to approximate a normal distribution. Since the weights 
allocated to the sub-goals and criteria are based on the aggregation of many 
independent and random individual weights, a normal distribution is assumed. 
The normal distribution is characterised by two parameters; the mean A, which 
is the average, and the standard deviation a, which is a measure of spread. In 
ELASTIC, the sample mean Y is the weight of the criterion, derived from 
aggregating individual stakeholder weights. The sample standard deviation, 
SD, is easily obtained as a by-product of the weight averaging process. 
2. Triang distribution for the indicator performance outcome scores: 
As shown in Table 5-5, the triang distribution follows a triangular 
arrangement, where the distribution is bounded by a range (a to c) representing 
the absolute 'minimum' and 'maximum' values for the simulation, and a 
defined (b), representing the 'most likely' value within that range. 
In the context of ELASTIC therefore, a triang distribution can be defined by 
setting the outcome score assigned to the indicator by the Analyst during the 
previous evaluation stage, as the most likely value (b), and then specifying the 
scores one-point below and above on the likert scale, as the minimum (a) and 
maximum value (c) values respectively. 
Logically, for the triang distribution, the following rules must apply: 
- The minimum value must be less than or equal to the most likely value. 
- The most likely value must be less than or equal to the maximum value. 
- The minimum value must be less than the maximum value. 
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5.14.3.2 Generation of a sample of numbers 
The second step in monte carlo analysis involves the generation of a sample of 
numbers from the distributions developed in the previous stage. Various sampling 
methods exist, of which the most popular are Random sampling, Stratified sampling 
and Latin Hypercube sampling techniques (Vose 1996, Saltelli 2000). 
Random Samgling 
In random sampling, a sample 
(XI, X29 X3 
... t 
Xn) is generated from the joint 
distribution of the input variables or, when these are independent, from their marginal 
distributions. From a statistical point of view, random sampling has a clear advantage 
in that it produces unbiased estimates of the mean and variance. 
Stratified Samplinci 
The purpose of stratified sampling is to achieve a better coverage of the sample space 
of the input factors. For example, let the sample space S of the input vector X be 
partitioned into I disjoint strata, Sl,..., Sl. The size of Si, I= is represented as the 
probability that X is an element of Si, that is, p, = P(X E=- S). A random sample Xh, h 
I 
ni, is then obtained from Si where ni =N. In particular, when I=1, the 
result is a random sample over the entire sample space. 
Latin hyRercube Samnling 
Latin hypercube sampling may be considered to be a particular type of stratified 
sampling. For each input factor Xj, j=1,..., k, is divided into N intervals of equal 
marginal probability 11N, and one observation of each inputfactor is made in each 
interval. One of the realisations on XI is randomly selected (each observation is 
equally likely to be selected), matched with a randomly selected realisation on X2, and 
so on, to get Xk. These collectively constitute the first sample, xI. One of the remaining 
realisations on X1 is then matched at random with one of the remaining observations 
on X2, and so on, to get X2. A similar procedure is followed for X3,.. - AN, which 
exhausts the observation and results in a Latin hybercube sample. The method has the 
advantage over the other two techniques of ensuring that the input factor has all 
portions of its distributions represented by input values (Vose 1996). 
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5.14.3.3 Evaluation of the model 
The third step in the Sensitivity Analysis is the simulated evaluation of the ELASTIC 
simple additive weighting (SAW) model for each of the indicators in the preliminary 
suite. The inputs into the SAW model are the mean simulated sub-goal and criteria 
weights and outcome scores derived after m monte carlo simulation runs as shown in 
the diagrammatic representation of the ELASTIC sensitivity analysis algorithm in 
Figure 5-6. ELASTIC does not prescribe the number, m, of simulation runs that will 
have to undertaken. This will depend on the software and resources available. 
However, the number of simulations will have to be sufficiently large to enable the 
drawing of reasonable assumptions from the simulated weights and outcome scores. 
5.15 Derivation of the Transport Sustainability Profile 
Entering the mean weights and outcome scores from the simulation runs into the 
SAW model will, in some cases, result in new Weighted Indicator performance 
Scores (WIPS) for the preliminarily selected indicators. By ranking these indicators 
based on the newly derived WIPS, it will then be possible to select a smaller suite of 
the most stable and best perfon-ning indicators from the previously selected 
preliminary subset of indicators. The number of indicators to be carried forward is not 
specified by ELASTIC. It is recommended however, that no more than the 15 best 
performing and most stable indicators should be carried forward. The exact number 
will again depend on the context, the target audience and the available resources. 
It is this final subset of = 15 indicators selected after sensitivity analysis that is taken 
to make up the Transport Sustainability Profile (TSP), an un-aggregated and small 
suite of sustainable transport indicators which when presented simultaneously can 
provide a picture of the sustainability of a transport system. 
5.16 Summary 
This chapter described ELASTIC, a robust methodological framework for selection of 
a small suite of key sustainable transport indicators. ELASTIC is based on the 
application of Multi-Criteria Decision Analysis (MCDA) and is therefore systematic, 
hierarchical, communicable and clearly shows the logic and processes underlying the 
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selection of indicators and the weights, scores and factors that detem-iine their 
selection. Among other things, MCDA is designed to take explicitly into account 
multiple and usually conflicting objectives in supporting the decision process. 
ELASTIC is also participatory and enables the direct involvement of stakeholders in 
the weighting of the various sub-goals and criteria which set the overarching 
framework for selection of the indicators. As such, the process, the categories of data 
and information that are included, and the choice of specific indicators, all reflect the 
values, biases, interests, and insights of the stakeholders in the area where the 
assessment is being applied. 
The sub-goal and criteria weights derived from the judgements of stakeholders and 
the scores allocated by the Analysts to each indicator are aggregated using a Simple 
Additive Weighting (SAW) model, to derive a Weighted Indicator Performance Score 
(WIPS) for each indicator. These WIPS are then used to select a preliminary suite of 
indicators. To ensure that only the most consistently best performing indicators are 
carried forward however, sensitivity analysis is undertaken to test the robustness of 
the performance of indicators in the preliminary suite, and to identify from amongst 
them, an even smaller subset of those indicators that perform the best after m number 
of monte carlo simulation suns. It is these indicators, found to be robust and which 
perform consistently well even after sensitivity analysis, that are taken to form the 
Transport Sustainability profile (TSP), an unaggregated suite of key indicators, the 
main output of the ELASTIC framework. 
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CHAPTER SIX: Application of ELASTIC to 
England, United Kingdom - Context and inputs 
6.0 Overview 
This chapter seeks to demonstrate the ELASTIC framework by describing an 
application to the England, UK. A brief descriptive background is first provided about 
the UK sustainability planning and policy-making context, after which the suitability 
of the ELASTIC framework within that context is ascertained. The application of 
ELASTIC and the attendant inputs into the process are then described in detail. 
6.1 Introduction 
UK policyrnaking and planning generally follows a three-tiered structure. National 
policy typically sets the overarching framework for regional policy, which in turn 
influences local planning and decision making. Figure 6-1 below shows how these 
different tiers relate to each other in the context of sustainable development and 
sustainable transport policy making and planning in the UK. 
I Sustainable Development Policy Making I Sustainable Transport Policy Making I 
C 
0 
z 
CM 
(1) 
cc 
75 
0 
3 
National Sustainable 
Development Planning 
and Monitoring 
Regional Sustainable 
development Planning 
and Monil 
Local Sustainable 
development Policy and 
Monitoring 
National Transport )n' 
Planning and 
M M( onitoring 
Local Transport Policy 
and IM 0C onitoring 
Figure 6-1: Planning and policy-making structure for sustainability in the UK 
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As has been stated in the previous chapters, and as is evident from Figure 6-1 above, 
analysis of sustainable transport cannot be undertaken in isolation from the broader 
concept of sustainable development. To provide an adequate background and context 
for the application of ELASTIC to England therefore, a review is first conducted of 
the UK policy and assessment processes for the broader concept of sustainable 
development. This is then followed by a similar and more specific review of relevant 
sustainable transport planning and assessment mechanisms at each tier of the UK's 
policy-making framework. 
Once this background and policy review is concluded, the application of the 
ELASTIC framework to England UK, and the attendant inputs, are then described. 
6.2 The UK national sustainable development policy context 
The current context for sustainable development policy and decision making in the 
UK is set by 'A better quality of life', the UK's sustainable development strategy 
(DETR 1999 a). Among other things, the strategy sets four key aims for UK 
sustainable development policy. These four aims are shown in Box 6-1 below. 
Social Progress that recognises the needs of everyone 
The key premise of this objective is that everyone should share the benefits of increased 
prosperity and be able to enjoy a safe and clean environment. 
Effective protection of the environment 
This aim seeks to limit global environmental threats, and to enhance safety and good 
human health by minimising hazards such as poor air quality. 
Prudent use of natural resources 
This aim advocates efficient use of natural resources and the development of alternatives 
where such natural resources are consumed by human use. 
Maintenance of high levels of economic growth and employment 
The key concern of this objective is that economic growth should be achieved in a way that 
I 
enables everyone to share in high living standards and greater job opportunities. 
Box 6-1: Aims of the UK sustainable development strategy 
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6.2.1 Indicators as preferred assessment and monitoring tools 
Key to the UK sustainable development strategy was the recognition that planning for 
sustainability requires identification of priorities and aims, and measures of whether 
such aims are being achieved. The strategy therefore emphasised the need for 
sustainability monitoring and assessment mechanisms that are flexible enough to cope 
with the fact that over time, 'sustainable development priorities are likely to change', 
and which enable 'involvement of all stakeholders in a transparent reporting system' 
(Para. 10.12). Indicators were explicitly identified as the preferred sustainability 
measurement and monitoring tools. Suggestions of an 'overall index' were dismissed 
due to the inherent problems of determining the 'choice of components and 
weightings' and 'the difficulty of interpreting a combined index' (Para. 3.9). 
6.2.2 Assessing sustainable development on a national level 
To assess sustainable development on a national level, two categories of indicators 
were proposed in the strategy, namely Headline Indicators and Core Indicators. 
Headline Indicators 
Intended to provide a high level overview of the UK's achievement of abetter quality 
of life for everyone', headline indicators are top-tier indicators that reflect the 
achievement of the key objectives of the strategy. The headline indicators as proposed 
in the strategy are shown in Table 6-1 below. 
Sub-objectives Headline Indicator Ref. 
Maintaining high and Total output of the economy (GDP) and GDP per head H1 
stable levels of economic Total investment as a percentage of GDP H2 
growth and employment Percentage of people of working age who are in work H3 
Success in tackling poverty and social exclusion F14 
Social progress which Educational qualifications at age 19 H5 
recognises the needs of Expected years of healthy life F16 
everyone Homes judged unfit to live in H7 
Levels of crime F18 
_Emissions 
of greenhouse gases H9 
Number of days air pollution is moderate or higher H10 
ff P t ti f th 
Road traffic 1-111 E ective ro ec on o e 
E i ment 
Rivers of good or fair quality H12 nv ron Populations of wild birds H13 
New homes built on previously developed land H14 
Waste arising and waste management H15 
Table 6-1: Headline indicators proposed in the UK sustainable development strategy 
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The 15 key headline indicators specified above are intended 'to move in the right 
direction over time, or where a satisfactory level has been reached, to prevent a 
reversal' (Para. 3.7). Since 2000, the UK Government has published yearly reports on 
progress against each of the headline indicators, where data is available, for the 
English Regions in the annual publication, 'Regional quality of life counts. 
Core Indicators 
The headline indicators are overarching in scope and therefore relatively broad. To 
provide more precise measures of performance therefore, the headline indicators are 
supplemented by a substantially larger set of narrower focused 'core' indicators. The 
core indicators reflect specific issues and are therefore intended to provide a more 
comprehensive assessment of national progress towards sustainable development than 
that provided by the headline indicators. 
Unlike the Headline indicators, the set of 150 core indicators are compiled at five-year 
intervals and have been published twice since the national strategy in the form of 
'Quality of Life Counts: Indicators for a strategy for sustainable development for the 
United Kingdom' (DETR 1999 b) and its 2004 update (DEFRA and ONS 2004). 
6.3 The regional sustainable development policy context 
The headline and core indicators specified above are intended for application at the 
national level and are typically led by central government. The English regions, while 
guided by the overarching national framework, are faced with circumstances different 
to national ones, and as such require sustainability policy and monitoring frameworks 
appropriate to their needs. 
6.3.1 Regional Sustainable Development Frameworks 
'Regional Sustainable Development Frameworks' represent the key mechanism in the 
1999 UK Sustainable Development Strategy for implementation of its policies at the 
regional level (Para. 7.81). The main role of these high level non-statutory strategic 
documents is to identify regional needs and priorities and generally to set a vision for 
sustainable development in the regional context. 
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Monitoring Regional Sustainable Development Frameworks 
The 'Guidance on Preparing Regional Sustainable Development Frameworks' 
(DETR 2000 b) emphasises the need for regular monitoring and review. Particularly, 
in developing the RSDF, the guidance mandates the adoption of a wide range of 
indicators relevant to the region and specific regional issues, but set within the context 
of national themes. While the guidance encourages inclusion where data is available, 
of the headline indicators, there is greater emphasis on the need to adopt indicators 
that are most appropriate to the region's specific circumstances and priorities. 
6.3.2 Regional Spatial Strategies 
The UK Planning and Compulsory Purchase Act 2004 received Royal Assent on 13 
May 2004, and came into force across the UK on 28 September 2004 (HMSO 2004). 
Part I of the Act places a statutory requirement on regional planning bodies to 
produce a Regional Spatial Strategy (RSS) which replaces the previous Regional 
Planning Guidance (DETR 2000 c). The purpose of the RSS is to articulate a strategic 
spatial framework for a region and to set priorities for the environment, transport, 
infrastructure, economic development and other spatial issues. Of relevance to this 
study is the fact that section 39 (2) of the Act mandates that the RSS should be 
developed with the objective of contributing to sustainable development. 
Monitoring Regional Snatial StrategLes 
Among the stipulations of the Act is a requirement for the Regional Planning Body 
(RPB) to submit an annual monitoring report to the Secretary of State, the aim of 
which is to show whether the strategy is achieving its aims. In developing an RSS 
therefore, the RPB is required to show that it has established a monitoring and review 
mechanism. Draft Planning Policy Statement 11: Regional Planning (ODPM 2003 a) 
emphasises the need for appropriate indicators to enable such monitoring. 
6.4 Sustainable Development planning at the local level 
The local level, while falling under the general auspices of both national and regional 
policy making, is faced with its own circumstances. Consequently, provision is made 
within the UK planning structure for local sustainability planning and assessment. 
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6.4.1 Community Strategies 
Part I of the Local Government Act 2000 placed on principal Local Authorities a duty 
to prepare 'Community Strategies, the overall aim of which is to enhance the 
sustainability and quality of life of local communities by providing a vision of goals, 
arrangements and actions to improve its inhabitants' quality of life (DETR 2000 d). 
Monitoring community strategies 
The Government's guidance on preparation of Community Strategies (DETR 2000 d) 
made clear the need for 'monitoring the implementation of the action plan, for 
periodically reviewing the community strategy, and for reporting progress to local 
communities'. Given the participatory nature of Community Strategies, the guidance 
also emphasised that such monitoring should involve local partners and the wider 
community. In particular, ' Local Authorities are encouraged to identify indicators 
relevant to their local circumstances and needs from a menu of 29 indicators of 
sustainable development published in 'Local Quality of Life Counts'(DETR 2000 e). 
6.4.2 Local Development Frameworks 
Part 2 of the Planning and Compulsory Purchase Act 2004 provides for the 
preparation of a portfolio of local development documents which together set the 
platforrn for the expression and delivery of spatial planning at the local level. This 
portfolio is collectively referred to as the 'Local Development Framework' and 
replaces the previous Local Plans, Unitary Development plans and Structure plans 
(DETR 2000 J). Among other things, the Act specifies that the Local Development 
Framework must be in general conformity with the RSS, and should also act as the 
spatial complement to the community strategy. 
Monitoring the Local Development Framework 
Part 2 (35) of the Planning and Compulsory purchase Act 2004 places a statutory 
requirement on Local Planning Authorities to prepare an Annual Monitoring Report to 
show how the authority is performing against all relevant targets. Draft Planning 
Policy Statement 12 - Local Development Frameworks (ODPM 2003 b) stipulates that 
such monitoring should be guided by indicators in an objective-led framework that 
establishes transparent links between objectives and related indicators. 
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6.5 The UK national transport policy context 
For the most part, current UK transport policy emanates from the 1998 Government 
White Paper A New Deal for Transport: Better for Everyone (DETR 1998). The 
White Paper had the expressed aim of formulating a long term strategy to deliver 
sustainable transport and in so doing set five objectives for transport in the UK as 
shown in the Box 6-2 below. 
Environmental Impact: To protect the built and natural environment. 
Safety: To improve safety. 
Economy: To support sustainable economic activity and get good value for money. 
Accessibility: To improve access to facilities for those without a car and to reduce 
severance. 
Integration: To ensure that all decisions are taken in the context of the 
Government's integrated transport policy. 
Box 6-2: Overarching objectives for UK transport policy set by the 1998 White Paper 
To achieve the objectives above, the White Paper set out a wide range of measures 
and policies with a view that they could contribute to the sustainability of the UK 
transport system. 
Since 1998, various other strategy documents have been developed and published by 
the UK Government to deliver the priorities identified in the Integrated Transport 
white paper. Key among these are the 'The 10 Year Plan for Transport' published in 
July 2000 which sets out the UK Government's strategy for modernising the transport 
network to provide an integrated system (DETR 2000 g), and the 'The Future of 
Transport' White Paper which extended and built upon the 10 year plan to cover the 
next 30 years (DfT 2004 a). Some of the general principles of the White Paper have 
also been integrated into the development planning process through Planning Policy 
Guidance 13: Transport which has the stated objective of integrating planning and 
transport at the national, regional, strategic and local level with a view to, promoting 
more sustainable transport choices for people and freight (DETR 2001). 
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6.5.1 Regional Transport Strategies 
Although described in this section for obvious convenience, Regional Transport 
Strategies (RTS) are actually components of the previously discussed Regional 
Spatial Strategies (RSS). The RTS sets out the delivery of national transport policies 
and programmes in the regions, outlines the transport and related land-use policies 
and measures required to support the RSS, and provides a long term vision for 
transport in the region (ODPM 2003 a). The preparation of the RTS is an integral part 
of the RSS process as it (the RTS) plays a key role in providing better integration 
between transport and spatial planning which is fundamental to delivering more 
sustainable travel patterns (DfT and ODPM 2003). 
Monitoring Regional Transgort Strategies 
Given that Regional Transport Strategies were also required as part of the now 
defunct Regional Planning Guidance (DETR 2000 c), detailed guidance on how to 
monitor the regional Transport Strategy have previously been set out in Monitoring 
Regional Planning Guidance: Good Practice Guidance on Targets and Indicators 
(ODPM 2002). The guidance is explicit in its requirement that the RTS is monitored 
within a robust analytical framework comprised, inter alia, of targets and indicators 
that are clearly linked to its key objectives and policies. 
6.5.2 Local Transport Plans 
Local Transport Plans are the key mechanism through which the wide-ranging 
measures and action proposed in the 1998 White Paper are implemented on a local 
level. All local authorities in England, with the exception of the London Boroughs, 
are mandated by the Transport Act (2000) to produce and implement an UP, which is 
a comprehensive integrated transport strategy that covers all forms of surface 
transport at the local level (DETR 2000 h). 
In producing an LTP, local authorities are encouraged to set their own objectives and 
targets, according to local priorities and circumstances, providing they reflect national 
themes. Specifically, LTPs are required to be built on objectives consistent with the 
1998 White Paper's overarching objectives for transport shown in Box 6-2 above. 
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Monitoring and assessing local transQort plans 
Under the provisions in the Transport Act (2000), local authorities are required to 
monitor LTPs and keep them under review. In this regard, the Government's 
'Guidance on Full Transport Plans' (DETR 2000 h) specifies that LTPs must include 
a comprehensive but focused set of indicators for measuring performance and to 
assess whether the UP is delivering its stated objectives. To assist Local Authorities 
in identifying indicators for inclusion in the Annual Progress Reports, the government 
annually publishes guidance in the form of 'How to monitor indicators in local 
transport plans and annual progress reports. Two categories of indicators have been 
suggested in the 2004 version of the guidance, namely a small set of 'Core Indicators' 
and a larger menu of 'Performance Indicators' (DfT 2004 b). 
Core Indicators 
Eight 'core' indicators are proposed in the 2004 edition of the guidance on monitoring 
LTPs. These indicators were taken to reflect national priorities and as such, all Local 
Authorities are required to report against them where applicable. These core 
indicators are shown in Table 6-2 below. 
Area Indicator 
Road Maintenance Road Condition 
t b t P bli 
Number of bus passenger journeys 
ranspor - us u c Bus passenger satisfaction 
Cycling Number of cycling trips 
Number of killed or seriously injured (all ages) 
Road safety Number of children killed or seriously injured 
Light Rail Light rail passenger journeys 
Accessibility % of 
households within 13 minutes walk of an hourly or better bus 
service 
Table 6-2: Core indicators proposed in the 2004 guidance on indicators for LTPs 
Menu of Non Core Performance Indicators 
In addition to the core indicators above, the guidance also suggests a larger menu of 
'performance' indicators which are intended to reflect those indicators most 
commonly used across local authorities. Authorities are not expected to report against 
all of these indicators, but are encouraged to use those that are most appropriate to 
their circumstances and which are most relevant to their priorities. 
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6.6 Application of ELASTIC to the UK context 
From the foregoing sections of this chapter, it will be clear by now that indicators are 
integral to the UK's sustainable development and sustainable transport assessment 
processes. It is also clear that there is an overwhelming requirement, in some cases 
statutory, for derivation of sustainable transport indicators not only within the specific 
sustainable transport planning context, but also in broader sustainability assessment. 
A mechanism that enables selection of key sustainable transport indicators would 
therefore be useful in the UK context. 
The ELASTIC framework described in Chapter five of this thesis, provides a robust 
methodological approach for derivation of an appropriate suite of sustainable 
transport indicators, in a way that incorporates stakeholder values and reflects the 
specific context to which they are applied. Given these attributes, ELASTIC can be a 
useful tool for derivation of sustainable transport indicators in the UK context. The 
roles that ELASTIC might be able to play within the UK policy and planning contexts 
are surnmarised in Table 6-3 below. 
Policy Indicator based Role for ELASTIC 
assessment 
Sustainable Development Selection of a set of key sustainable 
Strategy 14 transport indicators to inform the ' ' as headline indicator. Road Transport 
(D 
C: (D Regional Sustainable Selection of sustainable transport 
Development Frameworks indicators to assess sustainability of the regional transport system. 
Selection of a set of key sustainable 
Regional Spatial Strategies transport indicators to inform the 
(L success of the RTS. 
(1) :5 Local Development Selection of sustainable transport CO 
. C: Frameworks 
indicators to assess contribution of 
(0 transport to local sustainability. 
0 
Selection of key sustainable transport 
Community Strategies indicators to assess transport's 
contribution to quality of life. 
White Paper on Transport/ 
Selection of a set of key sustainable 
.9 PPG 13 transport to assess the sustainability 
1 
of the national transport system. 
Cx T Regional transport Selection of a set of key sustainable 1-1 Strategies transport indicators to assess whether 
CL U) 
the RTS is achieving its aimS. 
r- O Selection of sustainable transport 
iF Local transport Plans indicators for inclusion in the Annual 
Performance Reports. 
Table 6-3: Roles for ELASTIC in the UK Planning and policy-making context 
133 
Chapter Six: Application of ELASTIC to England - Context and inputs 
6.7 England as a national platform for application 
England is the largest and the most populous of the four countries which together 
make up the United Kingdom. As a result of its size and population, legislation passed 
by the UK Government tends to have most direct applicability to England. The 
legislative and administrative separation has become even more evident since three 
key pieces of legislation, The Scotland Act 1998, The Government of Wales Act 1998 
and The Northern Ireland Act 1998, which each gave differing degrees of home-rule 
to the other three countries that make up the UK, namely Scotland, Wales and 
Northern Ireland respectively. As a result of these and other legislation, these three 
countries now have a form of devolved government consisting of legislative and 
executive branches (Burrows 2000). 
Due to this administrative devolution, Scotland, Wales and Northern Ireland are 
empowered to deliver policies and legislation which reflect the individual country's 
circumstances. This includes legislation and policy for sustainable development. 
Consequently, most of the legislation and assessment frameworks reviewed in the 
previous sections of this chapter have most direct applicability to England. 
Given the previously shown relevance of ELASTIC to the various UK legislation and 
policies (see Table 6-3), and the fact that these laws and strategies have most direct 
relevance to the English context, the ELASTIC framework is demonstrated in this 
thesis by applying it to England, UK. 
6.8 Applying ELASTIC to England 
It will be recalled from Chapter five that there are generally three inputs required for 
application of the ELASTIC framework, namely; 
1. A long list of potential sustainable transport indicators. 
2. A hierarchy of sub-goals and criteria for evaluation of the indicators. 
3. An interest group whose values are entered into ELASTIC's processes. 
The choices and use of the inputs and the way they are entered into the application of 
ELASTIC to England, are described in the sub-sections below. 
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6.8.1 The initial long list of indicators 
Inherent to ELASTIC's processes is the requirement for an initial long list of potential 
sustainable transport indicators from which a suitable subset would then be 
subsequently derived. For the purposes of this study, two sources were deemed useful 
for assembling the initial long indicator list, namely: 
i. The literature on sustainable transport indicators initiatives and applications. 
ii. The various indicators suggested for selective use within the UK sustainable 
development and sustainable transport planning contexts. 
In the latter case, where the sources are broad sustainable development indicator sets, 
only those indicators relevant to transport are extracted and included in the long list. 
Using the guiding principles above, a total of 200 suggested sustainable transport 
indicators were derived from the nine sources shown in Table 6-4 below. 
Source Number of Indicators 
Modelling for sustainable cities: The transport sector (Kupiszewska 1997) 32 
Indicators for the integration of environmental concerns into transport 27 
policies (OECD 1999) 
Indicators of transport and environment integration TERM 2002 38 (European Environmental Agency 2002) 
Sustainable Transport Indicator Project, CST (Gilbert et al 2002) 14 ca 
The 'Civilising Citiesinitiative (Jones et al 2003) 15 
PROSPECTS Project's Methodological Guidebook (Minken et al 2003) 19 
Quality of life counts (DETR 1999e) 35 
a Local Quality of Life Counts (DETR 2000) 12 V) 
How to monitor indicators in Local Transport Plans and Annual Progress 8 Reports - 2004 Update (DfT 2004b) 
Total number of Indicators 200 
Table 6-4: Sources and number of indicators entered into the initial long list 
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6.8.2 Sub-goals and criteria for evaluation of Indicators 
As discussed in Chapter five, ELASTIC systematically selects a small suite of 
sustainable transport indicators by evaluating alternatives in the long list against 
prescribed broad sub-goals. Two broad sub-goals are specified within the ELASTIC 
context, which together set a higher-level context for evaluation of indicators, namely; 
L Maximising the methodological quality of the indicators; 
Maximising the relevance of indicators to the concept of sustainable 
transport. 
Because of their broadness, the ELASTIC process requires that these sub-goals are 
elaborated through more precise and measurable lower-level criteria. 
6.8.2.1 Criteria to reflect the methodological quality of indicators 
The literature is very clear about the methodological and analytical characteristics that 
are desirable of indicators (see for example, Anderson 1991, Meadows 1998, Jackson 
et al 2000, Pastille Project 2002). As already shown in Chapter five, in developing the 
ELASTIC Methodology, an effort has been made to summarise these desirable 
characteristics into the five key criteria shown in Box 6-3 below. 
Measurability: A sustainable transport indicator should be capable of being 
measured in a theoretically sound, dependable and easily understood manner. 
Ease of availability: It should be possible to easily and at a reasonable cost, 
collect reliable data on the indicator or calculate/predict the value of the indicator 
using accepted models. 
Speed of Availability: Data from which the indicator is derived or calculated 
should be regularly updated with a view to ensuring the shortest time lag possible 
between the state of affairs being measured and the indicator becoming available. 
iv) Interpretability: An indicator and its calculation should yield clear, unambiguous 
information that is easily understandable to the target audience. 
V) Transport's Impact Isolatable: It should be possible to isolate transport's share of 
the impact that the indicator is purporting to measure. 
Box 6-3: Methodological criteria for evaluating indicators in the ELASTIC framework 
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These criteria are prescribed by ELASTIC and are not intended to be changed 
between applications, although as will be shown later, the level of importance 
assigned to each criterion will vary with context. 
6.8.2.2 Criteria to reflect relevance to the concept of sustainable transport 
As part of the study, a comprehensive review was undertaken of the various 
objectives of sustainable transport proposed in the literature and practice. As 
previously shown in Chapter two, it was found that the various suggested objectives 
of sustainable transport can be classified under five overarching objectives. These five 
overarching objectives, which are slight variations of the key objectives specified in 
the PROSPECTS project (May et al 2001), are shown again in Box 6-4 below, and are 
used in this application of ELASTIC as criteria to bring greater precision to the sub- 
goal 'Maximising the relevance to the concept of sustainable transport'. 
Livable Streets and Neighbourhoods: A sustainable transport system should be 
designed and operated in a way that enhances the physical, aesthetic and other 
special characteristics of the area, such that it supports community identity and comfort 
and encourages social, cultural and recreational activity within the community. 
Ii) Protection of the Environment: A sustainable transport system should minimise 
natural resource consumption, ensure the preservation of vital habitats and reduce 
transport-related emissions and wastes that affect the global climate, biological 
diversity and the integrity of essential ecological processes. 
Iii) Equity and Social Inclusion: A sustainable transport system should contribute to both 
social and spatial equity by meeting the basic mobility needs of all social, economic 
and geographical groups, and providing them with access to a full range of facilities, 
services and activities. 
Iv) Health and Safety: A sustainable transport system should be designed and operated 
in a way that minimises hazards to health, the incidence and fear of transport-related 
crime, and the numbers, severity and risks of traffic accidents to all transport users. 
v) Support of a Vibrant and Efficient Economy: A sustainable transport system should 
support a vibrant economy and contribute to economic growth while simultaneously 
supporting market mechanisms that promote fuller cost accounting which reflect the 
true social, economic and environmental costs of activities. 
Box 6-4: Objectives used to show relevance to sustainable transport 
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6.8.2.3 Appropriateness of the objectives to the UK context 
The position is taken in this thesis that the overarching objectives shown in Box 6-4 
above are well suited for use in the UK context as collectively, they fit well with the 
stated objectives of the UK 1999 Sustainable Development Strategy and the 1998 
White Paper on Transport. 
The fit of the key objectives of the two UK strategies above with the objectives used 
in this application of ELASTIC to England, is shown below in Table 6-5. As can be 
seen, there is clear compatibility between the five objectives utilised in the application 
and the objectives of the UK White Paper on Transport (DETR 1998) and the UK 
Sustainable Development Strategy (DETR 1999 
Objectives used in the application of ELASTIC to the UK Relevant UK 
Strategy Livable Streets & Protection of Equity & social Health & Economic 
Neighbourhoods Environment Inclusion eff iciency 
Sustainable -Protection of the - Social Progress -High Levels Development Environment Prudent use of 
that recognises 
the needs of of 
Economic 
Strategy Natural Resources everyone growth T - Improve hite Paper 
[ 
Protect the Built and Natural Environment - 
accessibility for - Improve Support of T onTransport those without a safety the Economy 
car 
Table 6-5: Compatibility of relevant UK policy objectives with the objectives used 
6.9 Value Tree for the application of ELASTIC to England 
Once the ELASTIC sub-goals have been decomposed into precise and measurable 
criteria, a value tree showing the full hierarchical complement of sub-goals and 
attendant criteria can then be derived to graphically show the inputs into the 
application of the framework. 
Using the lower level criteria previously shown in Boxes 6-3 and 6-4, the value tree 
derived for this specific application of ELASTIC to England, UK is shown in Figure 
6-2 below. 
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111''6.10 -Surveys of Interest Groups and Stakeholders 
Once the ELASTIC value tree has been defined, the next stage in the ELASTIC 
process is the derivation of importance weights for the different components of the 
tree. As stated in Chapter five, the participatory tenet of ELASTIC demands that the 
sub-goals and criteria weightings are determined by the distributional judgements of 
relevant interest groups and stakeholders. The complement and number of 
stakeholders and stakeholder groups is not prescribed by ELASTIC, although 
intuitively, the greater the inclusiveness, the better the requirement for participation 
will be met. Logically however, the stakeholders whose judgements are elicited and 
reflected in the weights must have an interest in sustainable transport or be affected by 
the outcome of the assessment process. 
In order to obtain the necessary sub-goal and criteria weights for this application, 
surveys were conducted to elicit distributional judgements from two groups of 
relevant transport specialists, namely (i) Transport Planners at English Municipal 
Councils and Authorities and (ii) Transport-related Academics at English universities. 
6.10.1 Transport Planners at English Municipal Councils 
UK municipal transport planners are required, among other things, to produce Local 
Transport Plans, which seek to design and implement transport strategies that best 
meet the needs of their localities. As previously shown in this chapter, a key theme of 
current transport planning in the UK is the integration of sustainability objectives. As 
such, the view is taken that that the judgements of these experts could provide a 
reliable and informed basis for weighting the ELASTIC sub-goals and criteria. 
6.10.1.1 Identification of a sample 
The Municipal Yearbook, published annually by Hemming Information Services, lists 
the key employees of all municipal authorities in England. The 2002 edition of the 
yearbook (Hemming Information Services 2002) was used as the source for 
identifying the Transport Planners whose judgements on the components of the value 
tree were then elicited through questionnaire surveys. 
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6.10.2 Transport-related Academics at English Universities 
Sustainable transport, as a paradigm of transport planning, has made remarkable 
inroads into Academia. This is evident for example, by the fact that various articles 
and special issues have been published by academic journals on the subject of 
sustainable transport (see for example, Transport Policy, July 2000, Volume 7 
Number 3; Municipal Engineer, March 2002, Volume 151, Issue 1; International 
Social Science Journal, June 2003, Volume 55, Issue 2). Moreover, the enhancement 
of transport sustainability is often cited as a motivation for transport research in the 
UK (see for example, Coleman 2000, Root 2001, Lyons and Han-nan 2002, Dickinson 
et al 2004, etc. ). Given the current pervasiveness of sustainable transport in academia, 
the judgements of transport-related English Academics were viewed as being a useful 
platform for determination of importance weights for this application of ELASTIC. 
6.10.2.1 Identirication of a sample 
The University Transport Studies Group (UTSG) conference is held annually and 
brings together Transport Academics from throughout the UK. In January 2003, the 
UTSG conference was hosted by the Transport Studies Group at Loughborough 
University. All attendees at this conference from English Universities were identified 
and subsequently surveyed to elicit their distributive judgements with regard to the 
various sub-goals and criteria in the ELASTIC value tree. 
6.10.3 Survey 1: Methodological quality of indicators 
The first round of surveys were conducted in two stages; that is (i) a survey of 
Transport Planners and (ii) a survey of Academics. The survey took the forin. of mail 
questionnaires specially designed to elicit information in the format required for 
applying the Analytic Hierarchy Process (AHP) - the ELASTIC weighting approach. 
6.10.3.1 Pre-notification 
Prior to the questionnaires being sent out, pre-notification emails and letters were sent 
out to inform identified psospective participants of the impending survey and 
requesting their cooperation. For Transport Planners, where the holder of the position 
of 'Transport Planner' was clearly shown in The Municipal Yearbook, the pre- 
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notification letter was sent directly to that individual. In instances where the year book 
had not categorically specified the holder of the position, the pre-notification letter 
was sent to the Director of the department with responsibility for transport planning, 
asking for the department's participation and requesting the Director to designate a 
subordinate to whom the questionnaire could be sent. 
Where the Academics were concerned, the pre-notification emails and invitations to 
participate were sent directly to the individuals, as a list of the names and email 
addresses of conference attendees was included in the 2003 UTSG conference pack. 
A generic version of the pre-notification letter sent to intended participants in the first 
set of surveys is shown at Appendix Al. 
6.10.3.2 The Survey Process 
Following the pre-notification, the questionnaires were sent by first class post to 
individuals who had not indicated an aversion to participating in the survey, or who 
were nominated by the Director of their departments (in the case of some Transport 
Planners). Each questionnaire was accompanied by a Cover Letter, a 'Guide to 
completing the questionnaire' and a stamped addressed envelope for return of the 
completed questionnaire. A generic version of the Cover Letter sent along with the 
first set of questionnaires is shown at Appendix A2. 
6.10.3.3 The Guide to completing the questionnaire 
Given the unorthodox design of the questionnaire and the fact that participants were 
being requested to express judgements about criteria that are open to various 
interpretations, it was necessary to include some mechanism to provide the participant 
with unambiguous definitions of the criteria under consideration, and also to provide 
guidance on how to complete the questionnaire. In this regard, a 'Guide to completing 
the questionnaire' was sent with every questionnaire. It clearly defined the 
methodological characteristics that participants were being asked to compare and also 
gave detailed guidance on how the questionnaire was to be completed. The 'Guide to 
completing the questionnaire' for the first round of surveys is shown at Appendix A3. 
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6.10.3.4 The Questionnaire 
The questionnaire used in the first round of surveys was made up of two main 
sections. The first section elicited general information with regard to the background 
of the pailicipant and his/her views on sustainable transport. 
The second section of the questionnaire is where the distributional judgements of the 
participants were Sought. In order to acquire data in a way amenable to analysis us' ing 
the AHP method specified in the ELASTIC process, the participants were asked to 
make subjective pairwisc comparisons between the five suggested methodological 
criteria that indicators should meet. An example of a pairwise comparison that the 
participants were asked to make is shown in Figure 6-3 below. 
--------------------------------------------------------------------------------------- In deciding on an indicator of 'Sustainable Transport', which of the following 
criteria would you deem more important for indicator choice and how strongly? 
Please circh, the appropriate number. 
Speed ofity 
876543212345678 Availabil 
--------------------------------------------------------------------------------------- 
Figure 6-3: Example of a pairwise comparison that participants are required to make 
Participants were requested to base their responses on the rating scale shown in Table C, 
6-6 below, which is a modified version of Saaty's (1980) scale. (This scale was given 
and described to participants in the accompanying 'Guide to complete questionnaire') 
Intensity of Definition Explanation 
importance 
1 The two criteria being compared are o, 1'equal 
Equal Importance importance to choosing a stistainable transpoil 
indicator 
3 Moderate Importance E'-xperience andfittigement slightly favours one 
criteria over atiother 
5 Strong Importance F. Yperience aiidjti(ýqeitie, titvirotiglyfavoiir. v one 
criteria over the other 
7 Very Strong Importance A criteria isfavoured very strongly over the other 
9 Overwhelmingly More The evidenceftivow-hig om, (ri . tcria over another 
Important i. % ofthe highest possible order (ýf affiirniatioti 
2,4,6,8 Intermediate values to 
inles whell exp(, riellce (, /It/ There Ina ,v 
be t 
represent shades of I 
Jucýqement nun -not render one criteria comparabIc 
judgement between the five to another in accordmice with thefive scales 
basic assessments above abovc. 
Instead, a middle value between twoscah,. V 
inav be more appropriate. 
Table 6-6: The scale on which respondents were requested to base their judgements 
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A total of 57 questionnaires were sent to Transport Planners at select County Councils 
and Metropolitan Borough Councils throughout England. Similarly, 65 questionnaires 
were sent to transport-related Academics at various English Universities. 
The questionnaire sent to Transport Planners in the first round of surveys is shown at 
Appendix A4. The slightly different version sent to Academics is at Appendix A5. 
Only the first sections of the two questionnaires, i. e., where background infon-nation 
were requested from the respondents, were different. Essentially, in this section 
Academics were asked about their research and attendant activities, while Transport 
Planners were asked questions that related more to their practical experiences. 
6.10.4 Survey 2: Relevance to objectives of sustainable transport 
As required by ELASTIC, it was also necessary to elicit stakeholder' judgements to 
derive weights for the various objectives of sustainable transport used in this 
application. A second mail questionnaire survey process was used for this purpose. 
6.10.4.1 Pre-notirication 
Pre-notification letters and emails were again sent out to all Transport Planners and 
Academics to whom pre-notification correspondence had been sent in the first survey, 
irrespective of whether they had agreed to participate in the survey or not. As in the 
first stage, the pre-notification email informed potential participants of the impending 
survey and asked for their cooperation. Those who did not want to participate were 
asked to indicate such by email or by telephone, while those who did not object to 
being sent the questionnaire were simply asked not to respond to the pre-notification. 
A generic version of the second pre-notification letter is shown at Appendix B 1. 
6.10.4.2 The Survey Process 
Following the pre-notifi cation process, the questionnaires were again sent by first 
class post to individuals who had not indicated an aversion to participating in the 
survey. As in the first survey, enclosed with each questionnaire was a Cover Letter, a 
stamped addressed envelope and a 'Guide to completing the questionnaire'. A generic 
version of the second Cover Letter is shown at Appendix B2 
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6.10.4.3 The Guide to conipleting the questionnaire 
The 'Guide to completing the questionnaire' sent with the second questionnaire 
sought to mimmise confusion in interpretations of the specified ob 
- 
jectives of 
sustainable transport. As such, It clearly defined the five ohýjectives that participants 
were being asked to compare and again orave detailed guidance to participants, using z: 1 1ý 4: 5 1: 1 
examples, on how to CTo about completing the questionnaire. This 'Guide to 
completing the questionnaire' used in the second survey is shown at Appendix B3. Z71 
6.10.4.4 The Questionnaire 
This second clucstionnaire was divided into three sections. The first section elicited 
general information From the participants about their views on the sustainable 
transport decision-making, process. 
As before, the second section is where the pairwise comparisons of the various 
objectives of sustainable transport were presented. An example of' a pan-wise 
comparison that the participants were asked to make is shown in Figure 6-4 below. 
------------------------------------------------------------------------------------- 
if you were seeking to assess the overall sustainability of a transport system based on its 
performance on given sustainability objectives, which of the following sustainable transport 
objectives would you deem more important to your decision, and how strongly so? 
Please circle the appropriate number. 
I Health and Livable StreetS & 
Neighbourhoods 
1 
1) 87654321234567 Safety 
--------------------------------------------------------------------------- 
Figure 6-4: Example of a pairwise comparison given in the second survey stage 
The key to the number rating is the same modification of Saaty's (1980) scale that 
was previously shown in the Table 6-6 above, which was again given in the 
accompanying 'Guide to completing the questionnaire'. ZD 
6.10.4.5 Appropriateness of respondents prioritising objectives 
A key question in developing and applying, the ELASTIC Methodology was whether II 
it was indeed ethical to request that stakeholders prioritise amongst the various 
sustainable transport obýjcctives. 
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Prioritising among sustainability objectives is fundamental to the flexibility of 
ELASTIC, and its expressed tenet of context-specificity. It will be recalled that this 
tenet was specified for ELASTIC due to the overwhelming support in the literature for 
the need to capture the differences in interpretation of sustainability by enabling 
stakeholders to prioritise amongst sustainability objectives based on their context. 
Shields et al (2002) for example, looked extensively at the role of 'values and 
objectives' in indicator-based sustainability assessment. Among other things, they 
recognised that 'different segments of the population will often hold differing, though 
legitimate, viewpoints about the relative importance of alternative sustainability 
goals'. Similarly, Schleicher-Tappeser and Strati (1999) and Gudmundsson (2003 a) 
in discussing the broadness and ambiguity of the concept of sustainability, argued that 
it should be shaped by sustainability goals, which should in turn reflect specific 
interpretations of sustainability. 
It is these different, and indeed context-specific, interpretations of sustainability that 
ELASTIC is seeking to capture by requiring stakeholders to rank the issues in a way 
that reflects their given contexts. 
On the more practical question of whether respondents are capable of making such 
comparisons, it will be recalled that the semantic scale shown in Table 6-6 and Figure 
6-4 above, allows respondents to specify a wide range of preferences, including 
giving equal weighting to the various objectives. By choosing a value of (1) for all 
pairwise comparisons, the respondent would effectively be giving equal weighting to 
them. As such, respondents who felt that the objectives were of equal importance or 
should not be compared, would be able to indicate such by selecting (1) for every 
comparison. 
6.10.5 Comparison of the sub-goals 
In the third section of the second questionnaire, participants were asked to make a 
single pairwise comparison of the two ELASTIC sub-goals. Essentially, respondents 
were required to compare the importance of 'Methodological quality' and 'Relevance 
to sustainable transport', for selecting a sustainable transport indicator. 
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The single pairwise comparlson that made up this section is shown below. 
------------------------------------------------------------------------------------------- 
If you were asked to choose a sustainable transport indicator based on either its Methodoloclical 
Qualit or its Relevance to sustainable transport which of the two criteria would you deem more 
important to your selection and how strongly so? 
Please circle the appropriate number. 
Relevance to Sustainable Methodological 
Quality Transport 
(i. e., the indicator's, provision of i. e., measurability, information rclatin- to interpretability, data transpoit's contribution to availability, isolatability livable streets, protection (it' the of impacts, etc. ) 1) 8765421345078 1) environment. etc. ) 
------------------------------------------------------------------------------------------ 
Figure 6-5: The single pairwise comparison of sub-goals presented to participants 
A total of' 74 questionnaires were sent to Transport Planners throughout England in ltý 
this second stage of the survey process, while 65 were sent to transport-related 
Academics at English Universities. 
The questionnaire sent to Transport Planners in the second round of the survey 
process is shown at Appendix B4. The slightly different version sent to Academics i Z: ) II is 
shown at Appendix B5. It should be noted however, that the only difference in the 
questionnaires was a single question in the first section. Essentially, Transport 
Planners were required to indicate the level of' influence that various stakeholder 
groups actually have on the sustainable transport planning process in their areas, while 
Academics were asked to indicate the level of importance they would hypothetically 
attribute to the same stakeholder groups based on the contribution that the z: 1 
stakeholders could make to achievement of sustainable transport. The information 
obtained from this (ILiestion was used to derive an Influence/Importance matrix for 
stakeholders which is described in greater detail in the next chapter. 
6.11 Evaluation of indicators and derivation of TSPs 
Once the surveys were coinplcted, the next stage in the ELASTIC process was to 
analyse the responses and the Judgements provided the pairwise comparisons to 
denve weights for the various ELASTIC SUb-goals and the criteria and then to obtain It: 1 
Weighted Indicator Performance Scores (WIPS) for each indicator in the initial long 
list. As per the ELASTIC process, these WIPS will then form the basis for selection of 
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the indicators that together will make up the Transport Sustainability Profile (TSP) for 
England. The analysis of the survey responses and the subsequent weighting and 
indicator selection process are described in Chapter seven, where the results and 
outcomes of the application of ELASTIC to England are given. 
6.12 Summary 
In order to demonstrate the utility and inherent attributes of ELASTIC, the 
methodological framework for selecting sustainable transport indicators presented in 
this thesis, it is necessary to apply it in a way that illuminates its practicalities. In that 
regard, ELASTIC is applied in this thesis is to England, UK. 
To provide some background to the application, the current UK sustainable 
development and sustainable transport planning context was first described in detail. 
From the description of current UK sustainability policy and assessment requirements, 
it was clear that ELASTIC could play a useful role in the UK planning and decision- 
making context. Once the suitability of ELASTIC to the UK context had been 
established, the application to England were then discussed in detail. This commenced 
with a description of the various inputs into ELASTIC as well as the process of their 
derivation. This included a description of the long list of indicators, the various sub- 
goals criteria used to decompose the decision problem, the stakeholders whose 
judgements were elicited and the various surveys conducted to obtain stakeholders' 
judgements. 
Having described the background to the application, the suitability of ELASTIC to the 
UK policy context and the major inputs into the process, this chapter has set the 
platform for weighting of the various components of the ELASTIC value tree, 
evaluation of the long list of indicators and derivation of TSPs for England and 
attendant regions. These next steps are given in Chapter seven where the results of the 
application of ELASTIC to England are discussed. 
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CHAPTER SEVEN: Application of ELASTIC to 
England, United Kingdom - Results and discussions 
7.0 Overview 
This chapter details and discusses the results of the application of the ELASTIC 
framework to England, UK. It proceeds by first analysing the survey responses. 
Aspects of the survey responses are then used to derive weights for the various sub- 
goals and criteria inherent in ELASTIC. The long list of indicators are subsequently 
evaluated and Weighted Indicator Performance Scores derived for each. A suite of the 
best performing indicators, is then taken to form the Transport Sustainability Profile. 
7.1 Introduction 
The previous chapter has provided the necessary background information and 
descriptions of the various inputs and survey processes relating to the application of 
ELASTIC to England, UK. This chapter complements Chapter six by analysing and 
describing the results of the surveys, and discussing the derivation of weights and the 
evaluation of indicators inherent in ELASTIC's processes. The ultimate outputs of the 
analyses are TSPs, each comprising of a small and context-specific suite of key 
sustainable transport indicators derived from the systematic application of ELASTIC. 
It must be emphasised however, that the TSPs derived are intended only to provide 
proof of the ELASTIC concept. That is, to demonstrate a systematic and logical 
approach to selecting a suite of sustainable transport indicators. Due, among other 
things, to issues related to the composition and breadth of the stakeholders 
interviewed however, the derived set of indicators should not be viewed as definitive. 
7.2 Survey response rates 
As described previously, two separate mail questionnaire surveys were conducted 
among English Transport Planners and Academics. The questionnaires sought to 
obtain background information about the participants, but more importantly they 
elicited their judgements on the various sub-goals and criteria specified in this 
application of ELASTIC. The response rates for the two surveys are discussed below. 
149 
Chapter Seven: Application of ELASTIC to England - Results and discussions 
Survey 1: Elicitation of judgements on criteria reflecting methodological quality 
In the first round of surveys, a total of 57 questionnaires were sent to transport 
planners at select County Councils and Metropolitan Borough Councils throughout 
England. Of these, 38 were completed, representing a 67 % response rate. Similarly, 
64 questionnaires were sent to transport-related Academics at various English 
Universities, of which 34 were returned. This represented a 53 % response rate. 
Survey 2: Elicitation of judgements on objectives and the sub-goals 
In the second round of surveys, 74 questionnaires were sent to transport planners 
throughout England. 39 questionnaires were returned and used in this analysis, 
representing a 53 % response rate. As in the first phase, 64 questionnaires were again 
circulated to transport-related Academics at English institutions. 30 of these 
questionnaires were completed and returned, representing a response rate of 47 %. 
7.3 Background and personal information 
The first section of each questionnaire in both survey stages, elicited general 
information from the participants about their backgrounds and their personal views on 
sustainable transport. As discussed in the Chapter six, the intent was for such 
background information to put the weightings, of sub-goals and criteria, and the 
subsequent application of ELASTIC, into clearer context. These expressed views of 
respondents on sustainability and sustainability assessments can also be used to 
evaluate the appropriateness of the subsequent ELASTIC weightings and outputs. The 
responses to these various general background questions put to the stakeholders 
surveyed, are described and analysed in the sub-sections below. 
7.3.1 Clarity of the concept of sustainable transport 
Despite its increasing importance and popularity as a policy goal, the concept of 
sustainable transport is still often poorly understood by relevant stakeholders 
(Gudmundson 2003 a). Therefore, to ascertain the clarity of the concept to the 
stakeholders surveyed, the first question of the first questionnaire requested each 
respondent to indicate how clear the concept of sustainable transport is to him/her. 
The pie charts in Figure 7-1 below, show separately the responses obtained from the 
samples of Transport Planners and Academics respectively. 
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Transport Planners 
Very Clea 
40% 
Clear 
enough 
Clear 47% 
nough 
49% 
Figure 7-1: The clarity of the concept of sustainable transport to respondents 
Not clear 
enough 
44% 
The responses as reflected in the diagrams above, suggest that more Transport t7l znlcý 
Planners viewed themselves as having a clear understanding), of the concept of 
sustainable transport than do Academics. This is evidenced by the fact that 89 lk of 
Transport Planners stated that they had either a 'Clear enough' or 'Very clear' 
understanding of the concept of sustainable transport, while only 50 %, of Academics 
declared the same. When the two groups are combined however, a total of 71 'Y(, of all 
respondents indicated that they either had a 'Clear enough' or 'Very clear' 
understanding of the concept of sustainable transport. On the other hand, 26 % of the 
total sample indicated that the concept was not clear enough to them. 
7.3.2 Sustainable transport as a goal in the respective professions 
In the first survey, respondents were also asked whether achieving or contributing to 
sustainable transport is stated as an overarching goal in their respective professions. In 
the case of' the Transport Planners, of interest was whether contributing to, or 
enhancing, sustainable transport is stated as one of the goals of their respective rý 
council's transport division or department. For Academics, the question was whether 
enhanced sustainability has been stated as a goal or intended outcome of any current 4: 1 
or past transport related research. The responses received from the two groups 
surveyed are shown graphically in Figure 7-2 below. 
Academics 
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all 
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Transport Planners 
Alluded to, 
Academics 
Not stated 
but not 
explicitlv 
ited 
Explicitly 
stated 
41% 
92% 
Aluded to, 
but not 
explicitly 
stated 
35% 
Figure 7-2: Sustainable transport as a goal of Transport Planning or Research 
it is clear from Figure 7-2 above that sustainable transport is an often stated ooal of 
both practical transport planningr and of academic transport research. This is reflected 
by the overwhelming 92 17c of' the sample of Transport Planners who indicated that ýn 
Sustainable Transport is 'Explicitly stated' as a goal of their transport planning 
divisions, while an additional 8 'Y(, stated that while not explicitly written, it is alluded 
to in their work, policies etc. Similarly, 41(7(, of Academics stated that enhanced 
sustainability has been 'Explicitly stated' as a goal of past 01' Current transport 
research, while another 35% indicated that while not explicitly stated as a goal, it is 
often alluded to in research projects and publications. These results confirm a 
fundamental motivation for this research, specifically that sustainable transport is now 
a pervasive goal oftransport planning practice and research. 
7.3.3 Existence of frameworks for assessing transport sustainability 
Since the my'ority of' respondents indicated that sustainable transport is often stated 
as a goal in their respective professions, a logical question was whether any 
mechanisms existed for them to evaluate their progress in achieving the stated or 
alluded goal. In the first questionnaire therefore, respondents were asked to indicate 
whether mechanisms existed in their organisations to assess their progress towards or C, 1-71 
away from sustainable transport. The responses are shown in Figure 7-3 below. 
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Figure 7-3: Mechanisms for assessing progress towards sustainable transport 
The pie charts above show that despite the fact that the majonty of respondents had 
indicated that sustainable transport is a goal of their respective professions, there C, 
clearly exist few mechanisms in their organisations to assess progress towards this tý I L) 
stated goal. This is evidenced by the fact that 55 % of Transport Planners indicated 
that either no assessment framework exists, or that personal Judgement is their sole 
guide. Similarly, 82 17c of Academics indicated that no mechanism exist to assess the 
contribution of their research to achieving the goal of sustainable transport. 
These results are especially relevant to the research presented in this thesis as they 
validate the need for development of a methodological framework that could aid in zn 
sustainable transport assessment. While indeed the literature had previously revealed 
this research gap, these survey results show that there is a real gap in practice as well. z: 1 -- 
7.3.4 Views on the feasibility of a single index of sustainable transport 
Chapter three of this thesis previously highlighted the desire amono some policy 
makers and members of the research community, for the derivation of' a single 
sustainability index. Whether this is possible, or even ethical, is an issue that remains 
the subject of considerable debate in sustainability research. 
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Given the clear value that it single index would have in sustainability analysis due to 
the ease of interpretability among other things it was thought useful to garner the 
views of stakeholders on this Issue. As such, in the second round of' surveys, 
respondents were asked to indicate, based on their personal experiences, whether they 
believed that the concept of' sustainable transport could be captured in a single index Z: I 
or whether multiple indicators were more adequate. The responses are shown below. 
Transport Planners 
It can bE 
captured ir 
single ind( 
8% 
: ators are 
? practical 
79% 
94% 
Figure 7-4: The feasibility of a single index for assessing sustainable transport 
It is clear from the above results that the vast majority of respondents view indicators 
as the most practical way of capturing the concept of sustainable transport. This 47, 
position was taken by 79 % of Transport planners and 94 '7v of Academics. 
Contrastingly, only 8 '/'(, and 3 (Yc of Transport Planners and Academics respectively, 
opined that the concept of sustainable transport could be captured by a single index. z: 1 
These results again have positive implications foi- this research project as they validate 
the approach of the ELASTIC frainework which seeks to guide sustainable transport 
assessment through a suite of' key indicators. While there is vast support for this 
approach in the literature as previously discussed in chapters three and four, it is 
encouraging that this view is also shared by key stakeholders. z: 1 
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7.3.5 Appropriate spatial scale for sustainable transport assessment 
Decision making for Sustainable transport can be undertaken at a nUmber of spatial 
scales. This has obvious implications for transport sustainability assessment as the 
most effective assessment tool will be that which is capable of performing at the most 
appropriate spatial scale. It was therefore deemed useful to get an indication from 
stakeholders of the spatial scale at which they believe sustainable transport tools 
should be applicable if they are to be effective. This was done in the second 
questionnaire which asked survey participants to indicate the spatial level they 
believed to be most appropriate for taking actions and decisions for sustainable Z: ) 
transport. The responses to this question are shown in Figure 7-5 below. 
Transport Planners Academics 
At 
every 
spatial 
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51% 
el 
National 
level 
363'ý, 
At 
everý 
spatiz 
level 
64% 
ial level 
National 
level 
13% 
Dbal level 
7% 
Global level 
3% 
Figure 7-5: The appropriate spatial scale for sustainable transport decision making 
As reflected in the view shared by 51% of Transport Planners and 64% of Academics, 
it is clear that the mikjority of respondents believed that decisions and actions for 
sustainable transport should be taken at all spatial scales. These results suggest that 
appropriate sustainable transport assessment tools should be capable of being applied 
at a variety of spatial levels. This augurs well for ELASTIC, which, with its inherent 
flexibility and transferability, is applicable at a variety of spatial scales. 
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7.3.6 Analysis of stakeholder powers in transport decision-making 
Stakeholder analysis is a tool developed by the British Overseas Development 
Administration (1995) to identify and prioritise stakeholders in areas where aid 
projects are funded. Stakeholder analysis, inter alia, illuminates the powers (or lack of 
them) of respective stakeholders. As such, it was thought useful to apply this 
technique in this context to illuminate the power balance in sustainable transport 
decision making in England. Stakeholder analysis assesses stakeholder powers by 
comparing the influence of different stakeholders on the formulation of policies and 
strategies, to their importance to achieving the policy goal. Among other things 
therefore, it can reveal those stakeholders with high importance for the success of 
sustainable transport strategies, but little power to affect the decision making process. 
To conduct the stakeholder analysis in this instance, two different tasks were assigned 
in the second questionnaire to the two stakeholder groups surveyed. 
i. Transport Planners were required to indicate the level of influence 
that six categories of stakeholders had on the sustainable transport 
planning process in their areas. A 5-point likert scoring scale was used 
to assess the level influence, with V being 'No influence' and 4 being 
'Ultimate veto power'. The overall values given to influence of 
stakeholder groups was derived by taking the arithmetic mean of the 
scores given to each stakeholder group by all Transport Planners. 
ii. Academics were asked to asked to indicate on a similar 5- point likert 
scale, the level of importance they would attribute to the contribution 
that each of the same six categories of stakeholders could make to 
achievement of sustainable transport. These scores were used to obtain 
an overall importance value for each of the six stakeholder groups by 
using a basic arithmetic mean aggregation procedure. 
The overall mean scores given to the 'Influence' and 'Importance' of the various 
stakeholder groups as derived from the scores attributed by the samples of Transport 
Planners and Academics respectively are shown in the Table 7-1 below. 
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Stakeholder 
Cat i 
I Stakeholder 'Influence' 
As scored by Transport Planners 
Stakeholder 'Importance' 
As scored by Academics egor es Mean Std. Deviation Mean Std. Deviation 
Politicians 3.38 0.782 2.43 1.223 
Transport Planners 2.74 0.549 2.83 0.461 
Transport operators 2.56 0.882 2.33 0.802 
Local Businesses 1.74 0.715 2.20 0.847 
Local People 1.79 0.833 2.67 0.844 
Pressure Groups 1.79 0.615 2.30 0.794 
Table 7-1: Mean Score for Influence and Importance of various stakeholders 
Once the overall mean 'Influence' and 'Importance' scores have been calCUiatcd for 
each stakeholder group, the values can be used to derive an 'Importance/Influence' 
Matrix as shown in Fic'Ure 7-5 below. This matrix is essentially a scatter plot of the 
mean scores above, with 'Influence' on the vertical axis and 'Importance I on the 
horizontal axis. The plot is divided into four quadrants which each 'genet-ally' reflect 
the relative influence and importance ofrespective groups. 
I-) C, 13. ID Politicians 
0 
3.0 
Transport Planners I 
2.5 
2.0 
Transport Operators 
a 
................. 
Local People 
0 
2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 
Importance 
Figure 7-6: Influence/Importance matrix for stakeholders as viewed by respondents 
Pressure Groups 
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Businesses 
a 
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The numbers on the axis have no definitive meaning. 3 does not absolutely mean 
'high', but on this given matrix, it is in the higher end, so it has been designated as 
such. Given another scale, '3'may have easily been in the 'lower' quadrants. 
The stakeholders in the lower left quadrant of the matrix are those currently viewed to 
have Low Influence on the sustainable transport decision making process, but who 
are also viewed as being of Low Importance to the success of sustainable transport 
strategies. Given that the values for Influence and Importance are both low, there is no 
anomaly and therefore no perceived imbalance in the power of stakeholders in this 
quadrant. Based on the scores given by English Transport Planners and Acaden-dcs, 
this quadrant comprises of Local businesses and Pressure groups. 
Stakeholders in the upper left quadrant are those perceived to have a High Influence 
on sustainable transport decision making, but viewed as having Low Importance to 
the success of sustainable transport strategies. There is an obvious power anomaly in 
this quadrant, since the level of influence of these stakeholders is not commensurate 
with their importance to achieving sustainable transport. Based on the survey results, 
the stakeholder groups in this quadrant are Transport Operators and Politicians. 
Proceeding clockwise, the upper right quadrant shows those stakeholders that are 
viewed as having High Importance and High Influence. In this application, the only 
category of stakeholders in this quadrant are Transport Planners. Again, there is no 
anomaly here as the level of influence of these stakeholders is generally 
commensurate with their perceived importance to achieving sustainable transport. 
On the other hand, the lower right quadrant shows those stakeholders who are 
perceived to be Highly Important to the realisation of sustainable transport, but who 
currently have Low Influence on sustainable transport decision making. Using the 
mean scores attributed by the Transport Planners and Academics in this application, 
this quadrant currently comprises of Local People. Logically, there is an anomaly in 
the power of stakeholders in this quadrant as they are not currently afforded a level of 
influence commensurate to their perceived importance. 
158 
Chapter Seven: Application of ELASTIC to England - Results and discussions 
These results have implications for sustainable transport assessment methods as they 
highlight a need to enhance the involvement of important but under-i-cpresented 
stakeholders in the decision making, process. As such, these results validate the 
ELASTIC indicator-based assessment approach, which is participatory and able to 
incorporate a wide spectrum ofstakeholder values and views. 
7.4 Derivation of weights for sub-goals and criteria 
Once the background information and personal views of the respondents had heen 
obtained as described above, the subsequent sections of the questionnaires elicited tile 
judgements of' survey participants on the various components of the ELASTIC value 
tree. It is these judgements that are then used in the derivation of weights for the 
various ELASTIC sub-goals and criteria. The sub-sections below describe the survey 
results and the consequent weight derivation process. Z: ) 
7.4.1 Weights for the criteria reflecting methodological quality 
In the first survey, respondents were required to pet-form paIrwise comparisons ofthe 
various methodological criteria inherent in ELASTIC. As has been described in the 
previous chaptcr, respondents indicated their preferences between criteria by 
assigning a number based on a 9-point semantic scale, which demonstrated whether a 
criterion was preferred over another, as well as the strength of such preference. 
For example, a respondent may have taken the view that the cntenon Measurability 
is Woderatel. v more important' than Ease of Availability. On the semantic scale 
shown in Chapter six (based on Saaty 1980) and distributed in the 'Guide to 
Completing the Questionnaire', a judgement of 'Moderately more imporlant' is j I, 
reflected by the number (3). As such, when faced with the above pairwise comparison 
in the question nal re, the respondent would be required to circle the number (3) nearer 
to the preferred criterion, in this case Measurability, as shown in Figure 7-7 below. ZD 
Measurability 
I Ease of I 
ý) S76i4n. 214567 Availability 
Figure 7-7: How a pairwise comparison is made in the completed questionnaire 
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7.4.1.1 Use of Expert Choice software to apply AHP 
To derive weightings for the criteria based on the judgements of each respondent, 
ELASTIC requires the application of' the Analytic Hierarchy Process (AHP). As 
described in Chapter fl ve, the Expert Choice software package 
(www. expertchoice. com) provides a user-friendly platform for applying AHP. Among 
other things, Expert Choice enables the entering of Judgments in either numerical, II cl 
graphical, or verbal modes and has a menu driven interface that enables easy handling 
of the otherwise demanding AHP calculations. In the pairwise comparison shown in Z71 
Figure 7-7 above for example, the number (3) ch-cled to show that Measurability is z: 1 
Woderatel-v more important' than Ease of availability could be easily entered by 
sliding a bar to the number (3) nearer to Measurability in Expert Choice' numerical 
mode as shown in the screenshot in Figure 7-8 below. I 
Ecit Aszesswnt Inconstency Go Tools ft 
CI 5U-t. Fal adlust 
IY If. ) I 
98765432123456789 
Measurability Ease of Availability 
Compare the relative importance with respect to: Goal: Pfloritising methodological criteria for sustainable transport indicators selection 
mrability 
of Availability 
d of Availability 
-1131 Xi 
3.0 03 
1.0 'I'll I 
m AJI A 
Figure 7-8: Screenshot of the Expert Choice interface for entering judgements 
I 
As shown above, sliding the bar to the number (3) autornatically enters the 
corresponding number in the grid below. The full complement of entries in the grid 
above shows that judgernents had already been entered for all the other criteria. As 
can be seen in the bottom-most row in the grid, Expert Choice also aUtOinatically 
provides the Inconsistency Ratio (I. R) of the set of Judgements. In this case, the 
judgments are exactly at the accepted I. R limit of' 0.10. Once the judgernents have 
been entered into Expert Choice, AHP can be applied to convert them into numeric 
weights by selecting the following commands from the Expert Choice menu. 4M, 
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[Assessment] 
[Calculate] 
Judgments shown in Figui -e 7-8 above, activating the above menLI For the full set of I In 
commands in Expert Choice returned the following weights for the five criteria. zD Z- 
4- Edt ý. --e-mem View Go Took H* 
k; 61 e (5 [A -1 
3: 1 14 1=IF1 y1m 1 IM 
Soit by NaTe I NormMa 
Priorities with respect to: 
Goak Prioritking methodologic 
Measurability 
Ease of Availability 
Speed of Ayatlability Ii 
Interpretability .3; I 
Isolatability . 180Z 
inconsistency = 0.10 
vAth 0 missing judgments. 
Figure 7-9: Example of weights returned by Expert Choice for a set of judgements 
7.4.2 Aggregation of individual weights for the Methodological Criteria 
The output of Expert Choice is a set of weights for an individual. To obtain 01-01.11) 
weights, these weights have to be aggregated. ELASTIC Uses a basic arithmetic mean 
procedure to weights. This procedure was used to aggregate individual criteria C, Zý 
weightings into (1) group weights for Transport Planners and Academics respectively; 
and (11) overall weights for the entire sample. These are shown in Table 7-2. 
Methodological 
C it i 
Transport Planners 
N=38 
Academics 
N=34 
Overall Weights 
N= 72 
r er a Mean Std Deviation Mean Std Deviation Mean Std Deviation 
Measurability 0.2185 0.1108 0.2249 0.1469 0.2215 0.1282 
Ease of Availability 0.1447 0.1033 0.1390 0.1079 0.1420 0.1048 
Speed of Availability 0.0733 0.0776 0.0664 0.0317 0.0701 0.0602 
interpretability 0.3548 0.1428 0.3144 0.1761 0.3357 0.1595 
Isolatability 0.2087 0.1274 
1 
0.2553 
1 
0.1557 
1 
0.2307 0.1424 
Table 7-2: Group weights and overall weights derived for the methodological criteria 
- 101 Xi 
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7.4.3 Discussion of the weightings for methodological criteria 
The rankings of the methodological criteria, based on the weights attributed, are 
generally the same for both groups sampled in the survey. Interpretability was ranked 
highest in both instances. The only discrepancy between the groups is in ranking of 
the second most important criterion. For the Transport Planners, Measurability is 
attributed the second highest weighting, while for the Academics, Isolatability is 
ranked second. Not surprisingly, Isolatability and Measurability are ranked third by 
each of the above groups respectively. Ease of Availaility and Speed of Availability 
are given the penultimate and lowest rankings respectively by both groups. 
When both sample groups are combined to derive overall weights, the rankings of the 
criteria in descending order are as follows; Interpretability, Isolatability, 
Measurability, Ease of Availability and finally, Speed of Availability. 
ComQarison of weights by groups 
The Student's t-test is a parametric statistical test that can be used to test for 
differences between means. It can therefore ascertain whether significant differences 
exist between the mean weights given by Transport Planners and Academics to 
individual criteria. The null hypothesis tested by the t-test is that the two weights are 
equal (i. e., Ho: JUTP = JUAJ 
The alternative hypothesis is that the weights are not equal 
(HA: 
JUTP 
* 
JUA. 
). The mest statistic is derived using the following equation; 
w TP w Ac 
t=iiI Equation 7-1 
S T2P 
2'. 
+ 
SA 
nTp nAc 
Mere: 
wjTp is the mean weight attributed to criterion j by Transport Planners; 
W AC is the mean weight attributed to criterion j by Academics; 
S2 is the standard deviation of the mean Transport Planners weighting; TP 
2 
SA, 'Sthe standard deviation of the mean Academics' weighting; 
nTpis the number of Transport Planners in the sample; 
nA. 'Sthe number of Academics in the sample. 
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The value of t is then assessed against a prescribed critical value, t*, which is the 
value of t expected to be obtained by chance with the appropriate degrees of freedom 
(dj); Where df is calculated by Equation 7-2 below. 
df = nTp + nAc-2 Equation 7-2 
Where: nTp and nA. are the sample sizes as previously defined in equation 7-1. 
The critical values of t* are found in a 'Statistical Table of Values of the t 
Distribution' found in texts such as Murdoch and Bames (1998), and are given for 
different degrees of freedoms and various levels of significance (for example, 0.05). If 
the absolute value of the observed t is greater than the critical value t*, the null 
hypothesis (Ho) is rejected, and the mean weights attributed to the criterion by the two 
samples are determined to be statistically different at that significance level. 
The Statistical Package for Social Sciences (SPSS) was used to derive observed 
values of t to compare the weights given to each criterion by Transport Planners and 
Acaden-fics. The results are shown in Table 7-3 below. 
Methodological Criteria t df 
Measurability 0.210 70 
Ease of Availability -0.230 70 
Speed of Availability -0.484 70 
Interpretability -1.073 70 
Isolatability of transport's 
impact 1.397 70 
Table 7-3: t values for comparison of methodological criteria weightings 
At 70 dfs and with a significance level of 0.10, the value of t* shown in the 'Table of 
Values of the t Distribution' is 1.658. This value is clearly larger than all of the 
derived values of t for the various criteria as shown in the second column of Table 7-3 
above. Therefore the null hypothesis (HO) is not rejected for any of the weightings. 
That is, there are no statistically significant differences between the weightings, by 
Transport Planners and those by Academics for any of the methodological criteria. 
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Spread and distribution of weights 
Box plots are useful tools for graphically SUmmarising the distribution of an 1 C71 
aggregated set of data. As shown for the entire sample in Figure 7-10 below, Box 
Plots display the weight distributions aqjacent to each other, thus allowing VISLIal 
comparison of the central tendency and other features of the various criteria weights. 
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Measurability Ease Speed interpretability Isolatability 
Criteria reflecting methodological quality 
Figure 7-10: Distribution of overall weights for the various methodological criteria 
The shaded boxes represent the interquartile ranges containing the middle 50% of all 
weights for the respective criteria. It is clear from the graph that the weights assigned 
for the ci-iterion Interpretability are generally higher than those for other criteria, t) ZZ, 
while weights for the criterion Speed of Availability are typically lower than those 4: 1 
for other criteria. The whiskers extend from the boxes to the highest and lowest values 
and provide a crude depiction of the spread of values. Such variation in weights is 
more accurately described by the standard deviation (SD) previously shown in Table 
7-2. As suggested by the whiskers, the weights for Speed of Availability are the least :D 1) 
scattered with an SD of 0.602. Conversely, the weights attributed to the criterion I 
Interpretability are the least homogeneous as reflected by the highest SD ol'O. 159. 
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7.4.4 Weights for the key objectives of sustainable transport 
In the second phase of the survey process, the respondents were asked to conduct 
pairwise comparison of various key objectives of sustainable transport that indicators 
would be expected to reflect. The Expert Choice software was again used to apply 
ABP to derive individual weights for the objectives. The individual weights were then 
aggregated using an arithmetic mean procedure. This was done first within the sample 
groups, which was then followed by derivation of overall weights by aggregating the 
weights assigned by all respondents. The group weights and the overall aggregated 
weights calculated for the sustainable transport objectives are shown in Table 7-4. 
Objectives of Transport Planners Academics Overall Weights) 
Sustainable N=39 N=30 N=69 
Transport Mean Std Deviation Mean Std Deviation Mean Std Deviation 
Livable Streets and 0.1549 0.0779 0 1581 0.1041 0.1563 0.0895 Neighbourhoods . 
Protection of the 0.1673 0.1454 0 2427 0.1686 0.2001 0.1593 Environment . 
Equity and social 0.1612 0.0853 1748 0 0.1109 0.1671 0.0967 inclusion . 
Health and Safety 0.3267 0.1657 0.2819 0.1798 0.3072 0.1722 
Support of a vibrant r 0 1899 
l 
0.1309 0 1425 0 1161 0 1693 
and efficient economy . . . . 
Table 7-4: Group weights and overall weights for the sustainable transport objectives 
7.4.4.1 Discussion of the weightings for the objectives of sustainable transport 
The only agreement in the rank ordering of sustainable transport objectives between 
the two stakeholder groups was on the most important, which both groups determined 
to be Health and Safety. For Transport Planners, the remaining objectives were 
ranked in the following descending order; Vibrant Economy, Protection of the 
Environment, Equity and Social Inclusion and then Livable Streets. For 
Academics, the descending order was; Protection of the Environment, Equity and 
Social Inclusion, Livable Streets and finally, Vibrant Economy. 
When the weightings of both groups were combined the ranking of the objectives in 
descending order was as follows; Health and Safety, Protection of the 
Environment, Support of a vibrant Economy, Equity and Social Inclusion and 
then Livable Streets. 
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A student Mest was again conducted to compare the two sets of weights in order to 
ascertain whether the weights given to the objectives by the two samples were 
significantly different to each other. The output from SPSS, which shows the 
observed t values in the second column, is given below in Table 7-5. 
Objectives of Sustainable t df Transport 
Livable Streets and 
-0.144 67 Neighbourhoods 
Protection of the Environment -1.992 67 
Equity and social inclusion -0.576 67 
Health and Safety 1.073 67 
Support of a vibrant and 1 565 67 
1 efficient economy . 
Table 7-5: t values for comparing weights of sustainable transport objectives 
At 67 degrees of freedom and a significance level of 0.10, the value of the random t* 
shown in the 'Table of Values of the t Distribution' (Murdoch and Barnes 1998), is 
again 1.658. By comparing this to the observed values of t in the second column of 
Table 7-5 above, it can be seen that t* is only less than the observed values of t for the 
objective Protection of the Environment. Therefore, in this one instance, the null 
hypothesis (Ho) is rejected and the alternative hypothesis (HA) accepted, that the 
weights given to this objective by the two sample groups are significantly different. 
Essentially therefore, the weight of 0.2427 given to Protection of the Environment 
by Academics is significantly higher then the weight of 0.1673 assigned to the same 
objective by Transport planners. While examination of the underlying causes for such 
difference is outside the scope of this study, a reasonable assumption is that Transport 
, Planners generally work under political pressures which require them to deliver 
outputs that are visible and which are typically linked to increased employment and 
economic growth. Academics on the other hand, perhaps due to working in a more 
'theoretical' environment, are more considerate of the less profitable, but more ethical 
issue of 'Protection of the Environment'. 
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Distribution and Spread of the weights 
To illuminate the nuances and the distribution of all the weights of both samples, a 
box plot, as shown below In Figure 7-11 below, was avain derived for the overall 17, 
weightings of the sustainable transport obýjectives. Z: ) 
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Figure 7-11: Distribution of overall weights for the objectives of sustainable transport 
From the shaded boxes, which represent the middle 50% of weights for each criterion, 
it can be seen rather unsurprisingly that the objective Health and Safety generally C) 
had higher assigned weights. Typically, there was no clear difference in the Z: ' Z71 11 
interquartile ranges of the distribution of weights for the remaining objectives. The 
whiskers extending from the boxes also follow the previously highlighted trends and 
are typically of similar lenoth amongst the various objectives, except for Health and 
Safety for which the span of the whiskers are significantly wider than the others. This 
crude depiction of spread by the whiskers is validated by the measures of standard 
deviation (SD) previously shown in Table 7-4, with Health and Safety having the 
highest SID ofO. 1722 and Livable Streets having the lowest SID of'O. 0895. 
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7.4.5 Weights for the sub-goals 
Once judgements for the various criteria had been derived, the last stage of the survey 
process elicited the judgements of stakeholders with regard to the two broad 
ELASTIC sub-goals. As described in the previous chapter, these judgements were 
elicited through a single pairwise comparison in the third section of the second 
questionnaire, where the respondents were asked to express their preferences between 
the sub-goals Methodological Quality and Relevance to the concept of 
Sustainable Transport. 
Table 7-6 below shows the mean groups weightings of the sub-goals given by 
Transport Planners and Academics respectively. The third column of the table shows 
the overall weights derived when the samples are combined. 
Transport Planners Academics Overall weights 
ELASTIC sub-goals 
I 
N=39 N=30 N=69 
Mean Std Deviation Mean Std Deviation Mean Std Deviation 
Methodological quality 0.4877 0.2247 0.4700 0.2552 0.4800 0.2368 
Relevance to sustainable 0.5123 0.2247 0.5300 0.2552 0.5200 0.2368 Transport I , I 
Table 7-6: Weights derived for the two overarching ELASTIC sub-goals 
7.4.5.1 Discussion of the weightings for the sub-goals 
As can be seen above, the ranking order of the two sub-goals was the same for both 
samples, with Relevance to Sustainable Transport being weighted more 
importantly than Methodological Quality in both instances. 
To ascertain if there was any significant statistical difference between the groups' 
weightings for the sub-goals, a student's t test comparison of means was again 
conducted. The observed values of t for both sub-goals are shown in Table 7-7 below. 
ELASTIC sub-goals t df 
Methodological strengths -0.306 67 
Relevance to Sustainable 0.306 67 Transport 
Table 7-7: Observed t values for comparison of group weightings of sub-goals 
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As has been previously shown, at 67 Degrees of Freedom (cq) and with a significance 
level of 0.10, the value of random t* shown in the 'Table of Values of the t 
Distribution', is 1.658. This value is clearly larger than both observed values of t in 
the second column of' the table above. Therefore the null hypothesis, lJo, is not 
rejected, and it is concluded that there is no significant statistical difference between 
the two sets of sub-goal weights. I 
Distribution and Spread of the weights 
To show the distribution ofthe weights acycri-coated to form the overall weightings for Zý Z7, ZD C, 
the two sub-goals, a box plot for the two sets of weights was derived as shown in zn -- 
Figure 7-12 below. 
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ELASTIC Sub-Goals 
Figure 7-12: Box plot of the distributions of all weights assigned to the sub-goals 
As expected, the interquartile range for Relevance to Sustainable Transport is 
slightly higher than that for Methodological Quality which corresponds to the 
slightly higher overall mean weighting for the former sub-goal. 
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The spread of the weights as crudely reflected by the length of the whiskers are almost 
identical. This is confirmed by the measures of Standard Deviation which, as 
previously shown in Table 7-6, have the exact value of 0.2368 for both sub-goals. 
While Relevance to Sustainable Transport is slightly preferred, the similarity in 
the weights assigned to the two ELASTIC sub-goals in this section, the absence of 
any significant statistical difference as ascertained by the Mest comparison of means, 
and the similarity in the ranges and standard deviations of weights, suggest that the 
stakeholders in this survey viewed the two sub-goals Methodological Quality and 
Relevance to Sustainable Transport as having relatively similar high-level 
importance for determining the suitability of indicators for sustainable transport 
assessment. 
These results generally validate the underlying assumptions of ELASTIC that these 
two sub-goals are both of fundamental high-level importance for selecting a 
sustainable transport indicator. The high weightings for both suggest that the 
stakeholders surveyed also considered the two sub-goals to be highly important. 
7.5 The weighted value tree 
Having ascertained the weights for all the sub-goals and criteria inherent in 
application of ELASTIC, a weighted value tree can then be obtained by inserting the 
weights of the various sub-goals and criteria at the relevant nodes of the ELASTIC 
value tree previously shown in Figure 6-2. 
The weighted value tree for the ELASTIC application to England, utilising the overall 
weights derived from the entire sample, is shown in Figure 7-13 below. It should be 
noted however, that group specific value trees could have been derived for Transport 
Planners and Academics respectively, by using the specific group weights of the 
various criteria and sub-goals. Indeed, later in this chapter, the sample will be 
disaggregated by region to derive region-specific weights for which region-specific 
ELASTIC trees can be derived as well. The weighted value tree shown in Figure 7-13 
below however, is for the country of England, based on the judgements and priorities 
of English Transport Planners and transport-related Academics. 
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7.6 Scoring Indicator performance on criteria 
Once a weighted value tree has been derived, the next stage in the ELASTIC process 
is the scoring of indicators based on how well they perform on the various sub-goals 
and criteria in the value tree. As described in Chapter five, ELASTIC uses a direct 
rating technique where the Analyst assigns an outcome score to each indicator 
reflecting the level and degree of that indicator's performance on the respective 
criteria. 
Logically, two scoring schemes are required for the two clusters of criteria 
representing the dual sub-goals inherent in the ELASTIC process, namely 
Methodological Quality and Relevance to Sustainable Transport. As it is the 
Analyst who conducts the scoring exercise, it is important that these scoring systems 
are devised in a way that minimises subjectivity and maximises transparency in the 
assigning of outcome scores. 
7.6.1 Normalisation of scores 
The scoring systems each utilised a 5-point likert scale from which the Analyst 
assigns appropriate outcome score to indicators. The higher the score assigned, the 
better the performance of the indicator on that criterion. The absolute numeric 
outcome scores assigned were normalised using equation 7-3 below. 
Normalised score= 
Basic Numeric Score 
X100 Equation 7-3 
Sum of numeric scores in category 
Application of the above normalisation procedure ensured that each outcome score 
was shown as a percentage and that all possible nonnalised scores for each criterion 
summed to 100. 
The two scoring schemes used in this application of ELASTIC and the interpretations 
of the numbers in the likert scale are shown in the sub-sections below. 
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Scoring system for evaluating methodological criteria 
The indicators were evaluated against the criteria reflecting methodological quality 
using the scoring system in Table 7-8 below. 
Criteria Score N. Score Verbal score Explanation 
0 0 Extremely poor 
Cannot be conceptualised nor 
measured 
1 10 Poor Can be conceptualised, but difficult to measure in clear units 
Measurability 2 20 Acceptable Measurable either quantitatively, qualitatively or monetarily 
3 30 Favourable Measurable with two of the above methods 
4 40 Outstanding Measurable with all three methods 
0 0 Extremely poor 
Impossible to derive data for the 
indicator 
1 10 Poor The data is obtainable but at exorbitant costs or effort 
Ease of 2 20 Acceptable Data for the indicator has to be Availability estimated or modelled 
3 30 Favourable Data is readily available from 'quality' publications at national levels 
4 40 Outstanding Data is readily available from 'quality' publications at sub-national levels 
0 0 Extremely poor 
Data is not published or d7ta is only 
available after 15 years 
1 10 Poor Data is available within 10 years 
Speed of 2 20 Acceptable Data is available within 5 years Availability 
3 30 Favourable Data is available yearly 
4 40 Outstanding Data is available within less than a year 
0 0 Extremely poor 
The indicator cannot be interpreted in a 
wa relevant to sustainable transport 
1 10 Poor The desired direction of movement 
for 
the indicator is unclear 
interpretability 2 20 Acceptable Gives overall picture but inherent components are concealed 
3 30 Favourable Can be clearly interpreted and preferred direction clear 
4 40 Outstanding Combines two or more indicators in a way that is clear and understandable 
0 0 I Extremely poor 
Transport has no impact on the issue 
the indicator is concerned with 
1 
1 
10 Poor Transport has an impact but its share o 
' impact cannot be isolated Transport s l ' i t Impact 2 20 Acceptable Methods of iso ating transport s mpac are uncertain lsolable 
3 30 Favourable Impact isolable with high levels of certainty using models or software 
4 40 
I 
Outstanding Transport's isolated impacts are directly 
. observed 
Table 7-8: Scoring system for evaluating indicators' methodological quality 
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7.6.1.2 Scoring system for evaluating relevance to Sustainable Transport 
The scoring system used to score the relevance of indicators to sustainable transport 
as reflected by their relevance to the various objectives of sustainable transport in the 
ELASTIC value tree, is shown in Table 7-9 below. 
Objective Score N. Score Verbal score Explanation 
0 0 Extremely poor 
The indictor has no clear irrelevance to 
the principle 
1 10 Poor The indicator has some loose/vague 
ble Streets Liv relevance on the principle a 
and 2 20 Acceptable 
The indicator has some clear but 
indirect relevance to the principle neighbourhoods - i Th di l 3 30 Favourable n e cator has direct, but on y 
moderate relevance to the principle 
4 40 Veryfavourable The indicator has direct and strong 
relevance to the principle 
0 0 Extremely poor 
The indictor has no clear irrelevance to 
the principle 
1 10 Poor The indicator has some loose/vague 
relevance on the principle 
Protection of 2 20 Acceptable The indicator has some clear but the environment indirect relevance to the principle 
3 30 javourable The indicator has direct, but only 
moderate relevance to the principle 
4 40 Veryfavourable The indicator has direct and strong 
relevance to the principle 
0 0 Extremely poor 
The indictor has no clear irrelevance to 
the principle 
1 10 Poor The indicator has some loose/vague 
relevance on the principle 
Equity and 2 20 Acceptable The indicator has some clear but 
social inclusion I indirect relevance to the principle 
3 30 favourable The indicator has direct, but only 
moderate relevance to the principle 
4 
I 
40 
I 
Veryfavourable The indicator has direct and strong 
relevance to the principle 
0 0 Extremelypoor The indictor has no clear irrelevance to the principle 
1 10 Poor The indicator has some loosetvague 
relevance on the principle 
Health and 2 20 Acceptable The indicator has some clear but Safety indirect relevance to the principle 
3 30 favourable The indicator has direct, but only 
moderate relevance to the principle 
4 40 Veryfavourable The indicator has direct and strong 
relevance to the principle 
0 0' Extremely poor 
The indictor has no clear irrelevance to 
the principle 
1 10 Poor The indicator has some loose/vague Support of a relevance on the principle 
vibrant and 2 20 Acceptable The indicator has some clear but 
efficient indirect relevance to the principle 
economy 3 30 favourable The indicator has direct, but only 
moderate relevance to the principle 
4 40 Veryfavourable The indicator has direct and strong 
I relevance to the principle 
Table 7-9: Scoring system for evaluating indicators' relevance to sustainable transport 
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7.6.2 Information Sources used to guide indicator evaluation 
To ensure the highest levels of objectivity, various sources were used during the 
indicator evaluation stages to guide the assignment of outcome scores. 
For the methodological criteria, the sources tended to be UK statistical publications 
which illuminated information about the availability of data for the suggested 
indicators, the frequency at which they are published, the extent to which transport's 
share of the impact is shown and how the indicators are measured. The key UK 
statistical publications used in this application of ELASTIC were namely; 
Regional Transport Statistics - 2003 Edition. (Dfr 2003 a) 
Transport Statistics Great Britain - 2003 Edition. (DfF 2003 b) 
Transport Trends - 2003 Edition (DfF 2003 c) 
The Digest of Environmental Statistics - 2003 Edition. (DEFRA 2004) 
- Social Trends No. 34. (ONS 2004) 
For evaluation of the relevance of indicators to sustainable transport objectives, the 
sources used for guidance tended to be official publications highlighting the impacts 
of transport on the specific objectives. The publications used included the following; 
- Transport and the Environment (Royal Commission on Environmental 
Pollution 1994) 
- Transport and the Economy (Standing Advisory Committee on Trunk Road 
Assessment 1999) 
- Transport, Environment and Health (Dora and Phillips 2000) 
- Making the connections: Final report on Transport and Social Exclusion. 
(Social Exclusion Unit 2003) 
The various academic journal articles referred to in Chapters two and four were also 
used as sources for evaluating relevance of indicators in the initial long list to 
sustainable transport objectives. 
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7.7 The indicator evaluation process and results 
The evaluation of indicators was undertaken using three spreadsheets in a single 
Nficrosoft Excel Book. In the first spreadsheet, Worksheet 1, the indicators were 
evaluated using descriptive narrative text which provided a detailed verbal description 
of indicators' performance on each criterion. The intention was that this worksheet 
would set the platform for the subsequent numerical scoring as well as provide a clear 
and auditable justification for the subsequent scores of performance. Worksheet 2 
converted the narrative descriptions in Worksheet I into normalised numeric outcome 
scores of the indicators' performance on the given criteria, using the scoring systems 
shown previously in Tables 7-8 and 7-9. (The full set of normalised outcome scores 
assigned to indicators in this application of ELASTIC as given in Worksheet 2 are 
shown at Appendix Cl). The final Worksheet 3 is where the Simple Additive 
Weighting (SAW) model described in Chapter. five is applied to derive an overall 
Weighted Indicator Performance Score (WIPS) for each indicator. In this final 
worksheet, each non-nalised score given in Worksheet 2 is multiplied by the quantified 
importance weights of the relevant sub-goals and criteria, to derive weighted scores of 
indicator performance on each criterion. In the final column of Worksheet 3, these 
weighted scores of indicator perfon-nance on each criterion are combined using the 
simple additive model to derive a single overall WIPS per indicator. 
7.7.1 Summary characteristics of the full set of WIPS derived 
Table 7-10 below shows summary statistics describing key features of the full set of 
WIPS derived when all the indicators in the long list had been evaluated. 
Descriptive Statisticss Value 
Mean 17.431 
Std. Deviation 05.739 
Range 26.250 
Minimum 04.340 
Maximum 30.590 
25'h Percentile 14.049 
Percentiles 5e Percentile 17.875 
75h Percentile 21.347 
Table 7-10: Summary descriptive statistics for the full set of WIPS 
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As can be seen in Table 7-10 above, the average WIPS for the full set of indicators 
was 17.431. The best performing indicator had a WIPS of 30.590, while the worst tý 
performing indicator scored only 4.34. This gives a 'range' of 26.250, which suggest a I z::, 
wide spread in the values of the WIPS derived, as can be seen from the wide span of 
the whiskers in Figure 7-14 below. 
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Figure 7-14: Box plot showing the distribution of the WIPS 
Some particularly useful statistics for the set of WIPS are shown in the row of Table 
7-10 labelled 'Percentiles'. The 25 th Percentile shows the value below which 25 
percent of the WIPS fall, which in this case is 14.0488. Similarly, the 50th percent] le 
shows the value below which 50 % of the WIPS fall, which in this case is 17.8752. As 
can be seen in the above table, the 75 th percentile is 21.3474. The WIPS between the 
75 th percentile and the 25"' percentile gives the inter-quailile range - also reflected by 
the shaded box in the Box Plot above, representino, the values between which middle z: I 
50% of the WIPS distributions fail. 
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7.7.2 Selection of a Preliminary suite of indicators 
Having derived WIPS for all indicators, it was then a simple process to select the 20 
best performing indicators to form a preliminary suite of key indicators as required by 
the ELASTIC methodology. Shown in Table 7-11 below, the WIPS for this 
preliminary set of 20 indicators ranged from 23.169 to 30.590. Examination of a 
Frequency table derived in SPSS showed that 23.169 represented the 85th percentile 
WIP. This means that the top 15% best performing indicators were taken forward. 
Rank Indicator WIPS 
1 Motorised Traffic Volume (veh. -kms) 30.591 
2 Number of Cycling Trips 28.869 
3 Vulnerable Road User Accidents 28.680 
4 Local Air Pollutants( NO,, VOC, SO, CO and PM10) 27.289 
5 Modal Share of Public Transport 26.287 
6 Social/External cost of transport 26.160 
7 Quality of Public Transport 26.038 
8 Availability of key services locally 25.751 
9 Total number of killed or seriously injured (in road accidents) 25.902 
10 C02 emissions from Transport 25.677 
11 Public awareness of transport sustainability issues 25.457 
12 Percentage of freight moved by road 25.450 
13 Length of traff ic-f ree routes for cyclists and walkers 25.022 
14 Access to public transport 24.405 
15 Percent of population affected by high traffic noise levels 24.248 
16 Energy consumption by the road transport sector 24.052 
17 Crime committed on or while waiting for public transport 23.925 
18 Total number of road motor vehicles 23.914 
19 Transport Related Wastes 23.599 
20 Public Participation in transport planning 23.169 
Table 7-11: Ranking and WIPS for the preliminary twenty best performing indicators 
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7.8 Sensitivity Analysis 
To determine the robustness of the choices above, and to select an even smaller subset 
of consistently best-performing indicators, sensitivity analysis was conducted to test 
the performance of the preliminary selection of indicators in Table 7-11 above. The 
aim was to reduce this number to a subset of 15 key indicators. 
The analysis was undertaken using Crystal Ball software which is an easy-to-use 
spreadsheet-based monte carlo simulation package (information about Crystal ball is 
available at http: //www. decisionenp-ineerinR. com). The advantage of Monte Carlo 
simulation is that it enables simultaneous changes in sub-goals and criteria weights as 
well as in outcome scores and therefore provides multiple simulated outcomes based 
on these variations in inputs. To adequately reflect the decision context however, the 
simulations have to be bounded around realistic parameters and distributions. 
As described in Chapter five, the Normal Distribution is assumed for the sub-goal and 
criteria weights in ELASTIC. To ensure that the simulations were as realistic as 
possible, the distributions were defined in Crystal Ball by the 'Mean' weights and the 
Standard Deviations shown in Tables 7-2,7-4 and 7-6 above. The possible values of 
all simulated sub-goal and criteria weights, that is gi and wj, were also constrained to 
between 0 and 1, that is, 0: 5 g,, wj :! ý 1. 
The Triangular distribution was assumed for the outcome scores. This distribution is 
based on the definition of three parameters, representing , (a) the minimum possible 
value, (b) the most likely value, and (c) the maximum possible value. The 
(normalised) outcome score assigned to the indicator by the Analyst, is defined as the 
6most likely' value. The minimum and maximum values are defined as one point 
down from the 'most likely value' on the likert scale and one point up respectively. 
1000 simulations were ran in Crystal Ball, where the ELASTIC model inputs for each 
indicator were varied around the appropriate parameters and within the distributions 
described above. The distribution of WIPS for the 20 preliminary indicators are 
shown in the box plots in Figure 7-15 below. (For clarity, the outliers and extreme 
values have been excluded from the plots). 
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As expected, after 1000 simulations, there were significant variations in the 
distribution of WIPS for the various indicators. This is clearly visible from the uneven 
shaded boxes as well as the differences in the lengths of the whiskers. 
Generally, the lengths of the whiskers and heights of the shaded boxes corresponded 
to the previous ranking of indicators in the preliminary selection shown in Table 7-11 
above. However, as can be seen in Table 7-12 below, there were some changes in the 
ranking of indicators after the mean WIPS for the 1000 runs were calculated. 
Rank Indicators WIPS 
Minimum Maximum Mean 
1 Motorised Traffic Volume 3.17 73.75 31.568 
2 Number of Cycling Trips 3.05 72.89 30.602 
3 Vulnerable Road User Accidents 3.56 65.38 29.495 
4 Local Air Pollutants 3.19 65.02 28.527 
5 Modal share of Public Transport 3.34 61.46 27.740 
6 Percentage of freight moved by road 3.27 59.10 27.627 
7 C02 emissions from Transport 3.21 64.33 27.626 
8 Social/External cost of transport 2.75 70.11 27.403 
9 Public Awareness of Transport sustainability issues 2.44 64.90 27.184 
10 Availability of key services locally 2.63 61.50 27.072 
11 Quality of Public Transport 2.98 61.16 26.980 
12 
Total number of killed or seriously injured (in road 2.95 67.36 26.868 
accidents) 
13 Energy consumption by the road transport sector 3.20 59.92 26.142 
14 Length of cycling and walking Paths 2.94 58.26 25.978 
15 Access to Public Transport services 2.61 64.60 25.796 
16 
Percent of population affected by high traffic noise 3.27 61.75 25.792 levels 
17 Total number of road motor vehicles 3.01 57.06 25.114 
18 Transport related Wastes 3.10 58.16 24.981 
19 Public participation in Transport planning 2.53 55.36 23.991 
Crime committed on or while waiting for public 20 transport 
2.56 54.89 23.576 
Table 7-12: Revised ranking and WIPS after 1000 monte carlo simulation runs 
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7.9 Selection of a final suite of indicators 
As already stated, after the simulation runs there were changes in the ranking of 
indicators relative to the ranking previously shown in Table 7-11. The biggest 
improvement in rank is by the indicator Percentage offreight moved by road which 
was elevated from No. 12 in the preliminary suite of indicators to No. 6 after 
Sensitivity Analysis. Similarly, the indicator C02 emissions from Transport jumped 3 
notches from No. 10 to No. 7. Public Awareness of transport sustainability issues also 
improved its rank from No. II to No. 9, while Energy consumption by the transport 
sectorjumped up three notches from No. 13 to No. 16. 
Logically, there were also some reductions in indicator rankings. Specifically, the 
indicator Social/External cost of transport fell from No. 6 to No. 8; Quality of Public 
Transport fell from No. 7 to No. 11; Availability of local services fell from No. 8 to 
No. 10; Total number of killed or seriously injured (in road accidents) fell from No. 9 
to No. 12; Length of traffic-free routes for cyclists and walkers fell from No. 13 to 
No. 14; Access to public transport fell from No. 14 to No. 15; and finally, Road traffic 
noise levels fell one notch from No. 15 to No. 16. 
Of particular interest to this application are the top 15 best performing indicators. It 
can be seen from Tables 7-11 and 7-12, that despite the various changes in rankings, 
only one indicator that was previously in the top 15, fell out, namely Road trafflic 
noise levels which fell one notch from No. 15 to No. 16. This indicator is replaced in 
the top 15 by Energy consumption by the transport sector, which, as previously 
stated, jumped three notches from No. 16 to No. 13. 
Having completed 1000 monte carlo simulation runs in which the various ELASTIC 
inputs were varied for each indicator in the preliminary subset, the 15 consistently 
best performing indicators, i. e., those with the highest mean WIPS after sensitivity 
analysis, are now clearly illuminated. 
This final suite of the 15 best per-fom-ling and most appropriate sustainable transport 
indicators for England, based on the values of English Transport Planners and 
transport-related Academics are shown in Table 7-14 below. 
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Rank Indicators WIPS 
1 Motorised Traffic Volume 31.568 
2 Number of Cycling Trips 30.602 
3 Vulnerable Road User Accidents 29.495 
4 Local Air Pollutants 28.527 
5 Modal share of Public Transport 27.740 
6 Percentage Freight transported by Road 27.627 
7 C02 emissions from Transport 27.626 
8 Social/External costs of Transport 27.403 
9 Public Awareness of Transport sustainability issues 27.184 
10 Availability of key services locally 27.072 
11 Quality of Public Transport 26.980 
12 Total number of killed or seriously injured (in road accidents) 26.868 
13 Energy consumption by the road transport sector 26.142 
14 Length of cycling and walking Paths 25.978 
15 Access to Public Transport Services 25.796 
Table 7-13: Final suite of sustainable transport indicators for England 
it is this set of 15 indicators that make up the Transport Sustainability Profile for 
England and is the ultimate output of ELASTIC. The indicators in this group of 15 
represent a subset from the initial long list of indicators that have been selected 
systematically and in a way that reflects the values and judgements of the 
stakeholders surveyed, which in this case were Transport Planners and Academics. 
7.9.1 Deriving context-specif ic TSPs for regions of England 
A key attribute of ELASTIC is that it is capable of deriving TSPs that reflect the 
values and judgements of stakeholders in the specific areas to which the indicators are 
to be applied. To demonstrate this capability of ELASTIC, it was thought useful to 
apply the framework to derive sub-national indicators, reflecting the values of 
stakeholders in specified regions of England. To facilitate the demonstration, the 
country of England was divided into three broad regional groupings, reflecting the 
northern, central and southern regions as shown in Table 7-14 below. 
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Group 1 Group 2 Group 3 
Northern Regions Central Regions Southern Regions 
North East Englan East Midlands South East England 
North West West Midlands South West England 
Yorkshire and the Humber East of England London 
Table 7-14: Regional groupings for derivation of TSPs for regions of England 
Context-specific TSPs can be derived for each of the three groups simply by 
disaggregating the entire sample of stakeholders by the regional groupings and 
deriving weights for the various components of the ELASTIC value tree that would 
then reflect the specific values of the disaggregated groups. 
When the full sample of stakeholders were split by the regional groupings shown in 
Table 7-14 above, the following region-specific weights were obtained for the criteria 
reflecting Methodological Quality. 
Regional Measurabili ty Eýse of Speed of Interpretability Isolatability 
k h ld Availability 
I 
Availability 
I 
Sta e o ers Mean SD I Mean SD Mean I SD Mean SD Mean SD 
Transport 197 0 0 135 0.169 0.110 0 106 0.137 0 352 0 177 0 176 109 0 C E--a Planners . . . . . . . 4) C 
Academics 0.250 0.188 0.144 0.136 0.060 0.017 0.311 0.167 0.236 0.170 
Z LU Total 0.222 0.160 0.157 1 0.120 0.084 0.100 0.333 0.170 0.205 0.141 
Transport 0.198 0.071 0.097 0.042 0.061 0.029 0.402 0.114 0.243 0.132 Planners 
.9 Academics 0.228 0.148 0.144 0.051 0.072 0.047 0.308 0.200 0.249 0.135 C 4) IM I I C 
UJ Total 0.208 0.103 0.114 0.050 0.064 0.036 0.368 0.154 0.245 0.131 
Transport 0.286 0.128 0.211 0.140 0.060 0.028 0.264 0.115 0.179 0.135 
SE a 
Planners 
0C cc Region 0.205 0.120 0.132 0.122 0.068 0.028 0.322 0.178 0.274 0 168 Academics . 
0C 
I 
U) LLJ Total 
1 
0.237 0.127 
1 
0.163 
1 
0.132 
1 
0.065 1 0.027 1 0.299 1 0.156 1 0.237 
Table 7-15: Weights for the methodological criteria disaggregated by region 
Similarly, when the stakeholders were disaggregated, the region-specific weights 
shown in Table 7-16 below were derived for the objectives of sustainable transport 
used in this application of ELASTIC. 
184 
Chapter Seven: Application of ELASTIC to England - Results and discussions 
Regional Livable 
Streets & Protection of 
Equity & 
social 
Health and Economic 
Stakeholders 
I 
NeIghbourhoods Environment Inclusion Safety Efficiency 
Mean SD Mean I SD Mean SD Mean SID Mean SD 
Transport 0.143 0.061 0.175 0.169 0.180 0.070 0.320 0.196 0.182 0.109 
E -a Planners 
C 
2 Academics 0.190 0.166 0.219 0.195 0.176 0.115 0.333 0.204 0.082 037 0 . 
0C 
Z L" Total 
1 
0.160 0.110 0.191 0.176 
1 
0.179 0.087 0.325 0.194 0.145 0.101 
Transport 0.180 0.087 0.182 0.158 0.140 0.094 0.318 0.148 0.180 0.136 
Planners 
13 - @C 
g Academics 0.144 0.087 0.363 0.183 0.128 0.087 0.231 0.134 0.056 
Cn 0.163 
LU Total 0.169 0.087 0.239 0.184 
1 
0.136 0.090 0.291 0.155 0.165 0.11 
Transport 0.133 0.081 0.136 0.086 0.166 0.092 0.349 0.160 0.216 0.159 
C. Planners 
4) C 
.9 Academics 0.147 
0.067 0.199 0.126 0.196 0.119 0.278 0.179 0.179 0.149 
CA 
0 
(0 Lu Total 0.142 0.072 0.174 0.114 1 0.183 0.108 
1 
0.307 0.172 1 0.194 0.151 
Table 7-16: Weights for objectives of sustainable transport disaggregated by region 
The weightings for the ELASTIC sub-goals derived when the various stakeholders 
were disaggregated by region, are shown in Table 7-17 below. 
Methodological Quality Relevance to sustainable 
Regional Stakeholders Tr nsport 
Mean SD Mean SD 
Transport Planners 0.543 0.226 0.457 0.226 
CV 
C 
.3 Academics 0.596 
0.310 0.404 0.310 
0C z UJ Total 0.562 0.254 0.438 0.254 
Transport Planners 0.440 0.237 0.560 0.237 
-M Cc C Academics 0.382 0.231 0.618 0.231 ,. S C CM r Uj Total 0.422 0.231 0.578 0.231 
Transport Planners 0.444 0.224 0.556 0.224 
C 
Academics 0.444 0.224 0.556 0.224 
0C 
L 
U) UJ Total 1 
0.459 0.214 0.541 0.21 
Table 7-17: Weights for the sub-goals disaggregated by region 
, Having 
derived the regional weights for the various ELASTIC sub-goals and criteria, 
, 
the SAW model was applied and sensitivity analysis conducted to obtain a region- 
i 
specific TSPs for each of the regional groups. These are shown in Table 7-18 below. 
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Chapter Seven: Application of ELASTIC to England - Results and discussions 
The five lowest ranked indicators in all three indicator sets above, represent those 
indicators that were included in the preliminary subsets but which were subsequently out- 
ranked after the 1000 simulations in Crystal Ball and therefore excluded from the final 
regional TSPs. 
7.10 Critical assessment of ELASTIC's processes and outputs 
As stated in section 7-1, the demonstration of ELASTIC presented in this chapter is 
intended only to serve as 'proof of concept' and to show how the framework can be 
applied to obtain a suite of sustainable transport indicators. Consequently, the indicators 
derived from this demonstrative process are not intended to be definitive. 
In any case however, when applying a methodological framework such as ELASTIC, 
there will logically be a need to obtain some indication of the veracity and usefulness of 
its outputs, and as such, checks and tests of whether the method has indeed derived key 
sustainable transport indicators in line with its stated tenets, will be necessary. 
It will be recalled for example, that in Chapters three and five, various desirable 
characteristics and roles of indicators and indicator frameworks were specified. Similarly, 
the aims of ELASTIC and the expectations of UK stakeholders as elucidated through 
their expressed views on sustainability and their weightings of sustainable transport 
objectives, have been presented in earlier chapters. Given that these issues collectively 
provide a 'wish list' of sorts for sustainable transport indicators in this application, it 
would be useful to examine how well they are met by ELASTIC's processes and outputs 
as have been presented in this chapter. 
In that regard, the suite of indicators shown in Table 7-13, which was obtained from the 
application of ELASTIC to England, will be critically examined in the subsections below 
with a view to assessing how well they meet key desirable characteristics as have been 
discussed during the course of this thesis. 
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7.10.1 The TSP and desirable characteristics of indicators 
By virtue of the fact that the ELASTIC process is guided by the evaluation of indicators 
against inter alia, five key criteria related to the desirable characteristics of the 
indicators, it would be expected that the indicator set would collectively meet most of the 
desirable attributes specified in Box 3-2. 
Indeed, the majority of the 15 final indicators met the criterion 'Measurability' quite well. 
The exceptions were the indicators Quality of public transport and Access to Public 
Transport Services which are both less amenable to measurement than the others in the 
indicator suite. 
Similarly, all the indicators met the criterion of 'Significance' in some way or the other. 
This was expected as the ELASTIC indicator selection process proceeds, in part, by 
evaluating indicators based on how well they reflect key objectives of sustainable 
transport. As such, every indicator will reflect in some way, at least one key objective of 
sustainable transport. By extension, this process also meant that the criterion 'Policy 
Relevance' was also met by every indicator, in some way or another. 
The indicators also do well where the criterion 'Logically or scientifically defensible' is 
concerned. Again, this is due to the fact that in selecting the suite of indicators, a key 
requirement was that the indicator must be 'interpretable'. The consideration of this 
criterion in the selection process was further strengthened by the fact that 
'interpretability' was given a very high weighting by the stakeholders surveyed. 
'Speed of availability' and'Ease of Availability', the two methodological criteria weighted 
lowest by stakeholders, were not always met by the selected set of suite of indicators 
shown in Table 7-13. The indicators Social costs of transport and Public participation in 
transport planning are not even published and their calculation is contentious at best. 
However, because these criteria were weighted lowest, shortcomings in indicator 
performance were neutralised by better performance on more heavily weighted criteria. 
An obvious problem here is that there is a possibility that a suite of indicators could be 
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derived which, though theoretically measurable, may not have the data readily available 
to enable such measurement. Whether this potential problem can be alleviated, for 
example, by specifying constraints in the ELASTIC evaluation process to ensure that 
indicators that perform below a specified threshold on a given criteria are excluded from 
inclusion in the TSP, will be discussed in the concluding chapter of this thesis. 
7.10.2 The TSP and the SWOC matrix 
Figure 4-5 previously summarised, in the form of a Strengths - Weaknesses - 
Opportunities - Challenges (SWOC) matrix, the key findings of the critical, review of the 
sustainability assessment literature that informed the subsequent development of the 
ELASTIC framework. Logically therefore, in evaluating the application of ELASTIC 
presented in this chapter, it would be useful to assess how the demonstrated ELASTIC 
process and the consequent outputs have addressed the issues identified in the matrix. 
Strengths of -current 
frameworks identified in the literature 
Four key strengths of existing sustainability indicator frameworks were shown in the 
matrix (Figure 4-5). ELASTIC has incorporated and built on these strengths. 
In determining the key criteria against which indicators were evaluated, ELASTIC drew 
heavily from 'key sustainability themes and objectives' that had been proposed in the 
sustainability assessment literature. Recognition of the 'need for stakeholder participation' 
was another strength in current sustainability literature that ELASTIC built upon by 
providing a robust method for eliciting and synthesising stakeholder views within the 
sustainability assessment context. 
Lastly, ELASTIC capitalised fully on the 'availability of a large pool of sustainability 
indicators' that have resulted from the numerous indicator-based sustainability 
assessments undertaken. Indeed, in applying ELASTIC to England, no new indicators 
were developed. Instead, a subset was selected from the large pool that already exists. 
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Weaknesses of current frameworks and conseguent OpDortunities 
It will be recalled that in Chapter four, various weaknesses were identified in previous 
sustainability assessment exercises, which in turn presented opportunities (i. e., gaps) for 
ELASTIC to address. Two key weakness identified were that that indicator selection in 
previous applications often tended to be 'arbitrary and ad hoc' and that 'no systematic 
approaches existed for including stakeholder views' in the assessment process. ELASTIC 
has endeavoured to overcome these weakness by providing a robust and systematic 
approach for indicator-based sustainability assessment, which incorporates among other 
things, pairwise comparison surveys together with the application of AHP, to elicit and 
synthesise stakeholder views. 
Another key weakness identified in the critical review of past indicator-based 
sustainability assessment was that 'the selection of themes often poorly reflected the 
system'. Again ELASTIC has endeavoured to alleviate this problem by providing a 
framework where the selection of indicators is lead by key objectives of sustainable 
transport. As such, it is intended that the selected indicators will adequately reflect 
transport sustainability within the context in which they is applied. (Section 7.10.3 below 
discusses how well this 'intention' was met in the application of ELASTIC to England). 
Challenges identified from the literature 
In developing and applying ELASTIC, it was necessary to overcome two key challenges 
identified in the literature. A first challenge was the sheer broadness and complexity of 
the concept of sustainability. ELASTIC has endeavoured to address this challenge by 
developing a framework that links indicators to key themes which in turn are taken as 
having decomposed the 'broad' concept of sustainability. Another related challenge was 
the difficulty in achieving an assessment tool flexible enough for applicability in a range 
of contexts. It would appear that ELASTIC has demonstrated itself to be very strong in 
this respect. As shown by the three suites of indicators for three different regions of 
England in Section 7.9.1, the method derives a different suites of indicators depending on 
the stakeholders surveyed. In doing so, ELASTIC demonstrates a high level of context- 
specificity and flexibility. 
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7.10.3 'Completeness' of the objectives and the subsequent indicators 
It will be recalled from Chapter five, that in organising hierarchical frameworks such as 
ELASTIC, a very important requirement is that it meets the criterion of 'Completeness'. 
Keeney (1992) states that if a 'tree is complete, all the criteria that are of concern would 
have been included. In the context of ELASTIC, the issue of concern is obviously 
sustainable transport, and therefore, if ELASTIC is to have addressed the issue of 
sustainable transport adequately, then the range of objectives of sustainable transport that 
it incorporates must be broad enough to cover the issue of sustainable transport 
'completely'. 
Indeed, the concept of 'completeness' can also be extended to the indicators themselves. 
In this case, if the suite of indicators selected is 'complete' then they should adequately 
cover the range of 'sustainable transport objectives' against which they are evaluated and 
by extension, the concept of sustainable transport that those objectives represent. 
7.10.3.1 Completeness of the set of objectives of sustainable transport 
Determining the range and number of objectives for entry into any ELASTIC application 
will ultimately be a difficult task, as the practical requirement to minimise the number of 
objectives for consideration by stakeholders will inevitably conflict with the need to 
adequately encompass the broad concept of sustainable transport. In the application 
demonstrated in this chapter, five key objectives for sustainable transport were specified 
based on review of the sustainability assessment literature and specific UK policy 
documents. It was previously shown in tables 2-1 and 6-5 that there was a reasonably 
good fit between the ELASTIC objectives and those of the UK sustainable development 
strategy and the various academic sources. 
Due to the broadness of the application however, i. e., to an entire country, it is possible 
that in some areas or to some stakeholders, the key issues may have been different than 
the five specified in this application. ELASTIC aims to be flexible and has endeavoured 
to capture the difference in importance weightings that will be given to different 
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objectives in different contexts. In this application however, no consideration was given 
to the fact that a 'complete' set of objectives in one context may not be 'complete' in 
another. Theoretically, ELASTIC is indeed capable of capturing such 'completeness', as 
the framework allows different objectives to be utilised in different application. To truly 
capture 'completeness' in this application for example, a preliminary survey would have 
been necessary in every context in which ELASTIC is to be applied, to ascertain 
Stakeholders' views on the sustainability objectives relevant to their context. This would 
then have been followed by another survey to attach weights to these identified 
objectives. 
7.10.3.2 Completeness of the indicator set 
Of equal importance in ascertaining the 'soundness' of the derived TSP is to assess the 
&completeness' of its complement of indicators. In this case, if the indicator set is 
complete, it will reflect the values of the stakeholders as implied by the given 
sustainability goals in the ELASTIC value tree and their weightings. Indeed, it should be 
noted that because varying priorities are assigned to objectives, it is possible that they 
will not be reflected equally. One would expect at least however, that the indicators 
would capture the stakeholders' interpretation of sustainability by reporting on the key 
objectives in line with their priorities. 
A cursory glance at the final suite of 15 indicators shown in Table 7-13 shows that it 
covers all the objectives of sustainable transport in some way or the other. Because the 
ELASTIC method gives an aggregate score to indicators based on their performance, 
inter alia, across all objectives, most of the indicators in the set are those that impacted 
multiple objectives. There are however some indicators which, whilst impacting multiple 
objectives, had a high relevance to one or two. This is the case for example with 
Vulnerable Road User Accidents which clearly has a high relevance to the objective 
'Health and Safety'. Similarly, Local Air Pollutants has a high level of relevance to 
'Livable Streets and Neighbourhoods' as well as 'Protection of the Environment'. 
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Two objectives particularly did not seem as singularly well represented by the indicator 
set as others. These were 'Equity and social inclusion' and 'Support of a vibrant and 
efficient economy. As previously stated, due to the ELASTIC approach, these objectives 
would have been captured aggregatively by a number of indicators. However, 'Equity 
and Social Inclusion' was only singularly represented once , i. e., by the indicator Access 
to Public Transport Services. Similarly, 'Support of a vibrant and efficient economy' was 
also only the key focus of a single indicator, Social/External costs of transport. Again, 
the question of whether this potential issue can be addressed by including constraints in 
the ELASTIC process to ensure, for example, that each objective is singularly reflected 
by a 'specified' number (or proportion) of indicators, will be discussed in the concluding 
chapter of this thesis. 
7.10.4 The potential of the Indicator set to aid decision making 
A key test of any indicator set is to assess how well they could intuitively guide 
sustainable transport decision making. Box 3-3 had previously specified a set of 'roles' 
that a sound set of indicators could be expected to perform in the decision-making and 
communication process. An assessment of how well suited the suite of ELASTIC 
indicators shown in Table 7-13 to performing these roles would be very useful in 
determining their soundness. In that regard, each of these roles and the suitability of the 
ELASTIC indicators to performing them are looked at below. 
Capturing the multidimensionality of sustainable transport 
in the context of ELASTIC, the multidimensionality of sustainability is taken to be 
represented by the sustainable transport objectives. Within the indicator set shown in 
Table 7-13, each objective has been represented, although as previously alluded some are 
reflected less clearly than others. 
Highlights problems and set priorities for action 
The ELASTIC indicators are based on broad priorities (i. e., key objectives) for 
sustainable transport. However, the indicators are intended to subsequently identify, 
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within the context of these broad themes, specific priorities that can be looked at. The 15 
indicators in Table 7-13 each specify a key issue that should be reported on. In so doing, 
they are setting these specific issues as priorities for action. 
-, Breaks down complex problems 
As far as ELASTIC is concerned, the indicators represent the ultimate decomposition of 
the concept of sustainability. As stated earlier however, some sustainability issues are 
represented within the indicator set more clearly than others. Therefore, it is questionable 
that the indicator set has indeed broken down the complex concept of sustainability. This 
would have been truly ascertainable if the indicators were actually applied. 
Well suited for feeding into policy analysis 
Section 7.10.1 previously raised the identified problem that there were indicators in the 
final ELASTIC suite for which data is difficult to collect or for which the required data is 
produced infrequently. This certainly raises a question about the suitability of the current 
indicator suite for policy analysis. If the data cannot be derived or is highly infrequent, 
the indicators' usefulness for policy analysis will undoubtedly be minimised. 
-. Amenable to comparison and benchmarking 
All the indicators in the suite are capable (theoretically) of being measured. If they were 
all to be measured therefore, they would be useful for comparison and benchmarking. 
However, as highlighted above, there are problems with some of the indicators in the 
suite with regards to the availability and frequency of data to enable such measurement. 
Educating the Public 
The indicator in the TSP with which the public would be least familiar is SociallExternal 
costs of transport. However, the logic behind the subject of 'externalities' is conceptually 
easily understandable, and as such, is likely to be clear to the public if well explained. 
Apart from SociallExternal costs of transport, the other indicators are concerned with 
issues that are widely known. It would therefore be expected that if data was available for 
robust measurement, the indicator set could serve useful for educating the public. 
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7.11 Summary 
This chapter has presented the results of the application of ELASTIC to England, UK. 
The inputs into this specific application, including the attendant surveys had been 
previously described in Chapter six. The first sections of the questionnaires sent out in the 
ELASTIC surveys elicited various information from the respondents geared at gaining 
some general background information about them as well as obtaining their views on the 
philosophical approaches of the ELASTIC framework. 
The responses and views expressed in these preliminary sections of the completed 
questionnaires generally validated ELASTIC's approach. For example, almost all 
respondents indicated that sustainable transport is a goal within their respective 
professions, but the majority e also stated that no framework existed within their work 
environments to aid them in assessing progress towards this goal. This suggests, inter 
alia, that there is a need for a framework like ELASTIC that can aid and guide such 
assessment. Similarly, an overwhelming majority of the stakeholders surveyed expressed 
the view that multiple indicators, such as those at the core of the ELASTIC approach, 
provide the most feasible tools for sustainable transport assessment. The views of the two 
samples of transport specialists were also garnered with regard to the involvement of 
stakeholders in the sustainable transport decision making process. Analysis of their 
responses showed that there is currently a great discrepancy between the influence that 
some stakeholder groups have on the transport planning process, and their importance to 
achieving the goal of sustainable transport. ELASTIC which is inherently capable of 
incorporating the views of multiple stakeholders can assist in ameliorating such 
anomalies by providing a mechanism through which the views of those who are seldom 
heard can be captured and incorporated into the transport decision making process. 
Once the sections of the questionnaires that elicited background information from the 
stakeholders had been analysed, the weights of the various components of the ELASTIC 
value tree were then derived from the judgements expressed in the pairwise comparisons 
undertaken by the respondents. The results and subsequent statistical comparisons 
showed that there were no significant differences in the weights attributed to the various 
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methodological criteria by the two stakeholder groups whose judgements were elicited. 
On the other hand however, subsequent statistical tests showed that there were 
statistically significant differences in the weights attributed by Transport Planners and 
Academics to one sustainable transport objective, namely Protection of the 
Environment. As with the methodological criteria, there were no significant differences 
in the weights attributed to the two sub-goals. 
The long list of indicators were then scored against the various criteria. The outcome 
scores from this evaluation of performance were aggregated with the sub-goal and criteria 
weights using the Simple Additive Weighting (SAW) model to obtain Weighted Indicator 
Performance Scores (WIPS) for each indicator. Initially, the top 20 best performing 
indicators were selected. After a high-dimensional sensitivity analysis using monte carlo 
simulation however, this preliminary subset was reduced to a final suite of 15 indicators 
which made up the Transport Sustainability Profile (TSP) for England. 
To further demonstrate the ability of ELASTIC to derive context-specific indicators and 
rankings, the stakeholders were dividing into three regional groupings broadly reflecting 
the northern, central and southern regions of England. Region-specific weights for the 
various sub-goals and criteria were obtained and entered into the ELASTIC process to 
derive TSPs reflecting the specific judgements of stakeholders in the specified regions. 
This chapter has fully demonstrated the capabilities, applicability and practicality of 
ELASTIC. A critical analysis at the end of the chapter indicated however, that there are 
some areas where ELASTIC's process could be improved and where its resultant 
indicators, as applied to England, may prove inadequate in some respects. The platform 
has therefore been set for drawing conclusions for the research process and application, 
and for suggesting directions through which ELASTIC can be improved and further 
tested in the future. These are addressed in the next chapter. 
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CHAPTER EIGHT: Conclusions of the research 
8.0 Overview 
This chapter concludes the thesis by reflecting on the outcomes of the research in relation 
to the stated aims and objectives. After assessing the extent to which the aims and 
objectives have been met, the contributions of the thesis to sustainable transport planning 
research and practice are then discussed. As is traditional, the chapter concludes with 
recommendations for further work. 
8.1 A novel methodological approach to indicator selection 
It will be recalled that the main aim of this thesis was to develop and apply a generic and 
transferable methodological framework that will facilitate the selection of key 
indicators which can then guide the assessment and monitoring of the sustainability of 
a given transport system. 
This overall aim and the attendant objectives of the research have been met. 
The main output of this thesis has been the Evaluative and Logical aApproach to 
Sustainable Transport Indicator Compilation (ELASTIC), a methodological framework 
which provides a flexible, participatory and systematic approach for selecting sustainable 
transport indicators. The ultimate output of ELASTIC is the Transport Sustainability 
Profile (TSP), a suite of indicators which when presented together can provide an insight 
into the sustainability of a transport system. 
At its most basic, ELASTIC applies a rigorous process to ensure the selection of a 
minimal number of high quality and highly relevant indicators for inclusion in the TSP. 
At the heart of the ELASTIC methodology is the application of Multi-Criteria Decision 
Analysis (MCDA), a proven family of techniques for simplifying complex decision 
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problems that are characterised by multiple and often conflicting objectives and criteria. 
MCDA techniques have numerous advantages that make them suitable for application in 
the sustainability assessment context. Among other things, MCDA techniques are capable 
of accommodating numerous criteria in the analysis, enable direct involvement of 
multiple stakeholders, explicitly illuminate trade-offs among fundamental concerns and 
allow for the decomposition of complex decision problems into manageable components. 
To achieve a small suite of key indicators, i. e., the TSP, ELASTIC sets two overarching 
sub-goals that guide the indicator selection process: 
1. To maximise the methodological quality of the indicators, 
2. To maximise the relevance of indicators to the concept of 
sustainable transport. 
These sub-goals are subsequently decomposed into several lower-level criteria. To meet 
the participatory tenet of ELASTIC, numeric weights of importance weights are assigned 
to the sub-goals and criteria based on the expressed judgements of those stakeholders 
who may affect or be affected by the outcome of the sustainable transport assessment 
process. A review of available MCDA techniques showed that the Analytic Hierarchy 
Process (AHP), a weighting technique developed by Saaty (1980), is best suited for the 
weighting of the various sub-goals and criteria inherent in ELASTIC. The suitability of 
AHP was due, inter alia, to its theoretical soundness, its structured approach and the clear 
illumination of trade-offs both in the weights derived and in the presentation of the 
decision problem to stakeholders. 
To undertake the evaluation of potential indicators against these criteria, the ELASTIC 
approach is for the Analyst to apply a 'direct rating' scoring system to assign outcome 
scores to the indicators in the initial long list based on their performance on each 
criterion. The importance weights attributed to the sub-goals and criteria based on the 
judgements of stakeholders and the outcome scores attributed to indicators by the Analyst 
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are then combined using the 'Simple Additive Weighted' (SAW) model to derive an 
overall Weighted Indicator Performance Score (WIPS) for each indicator. It is then a 
basic process to select a preliminary subset of those indicators with the highest WIPS. 
To ensure however, that the selection is robust and stable, a high-dimensional sensitivity 
analysis is undertaken using monte carlo simulation in which all ELASTIC inputs are 
varied in numerous simulated model runs so that resultant changes in the WIPS can be 
observed. The ELASTIC approach is then for a smaller suite of the consistently best 
performing indicators after multiple simulations to be taken forward. 
ELASTIC was demonstrated in this thesis through application to England, UK. The 
values of two categories of stakeholders, namely English Municipal Transport Planners 
and transport-related Academics at English Universities, were used in the analysis to 
select a suite of 15 sustainable transport indicators for England, from an initial set of 200. 
It is this suite of 15 indicators that is taken to make up the Transport Sustainability Profile 
(TSP). By disaggregating the samples of stakeholders into broad regional groupings, it 
was also possible to derive context-specific TSPs for these specified English regions. 
8.2 Contributions of the thesis to knowledge 
Naturally, the main contributions of the research have stemmed from, or are related to 
ELASTIC, the novel methodological framework developed and presented in this thesis 
that enables the assessment of sustainable transport based on the systematic and rigorous 
derivation of a Transport Sustainability Profile (TSP) -a suite of indicators which when 
shown together can provide an insight into the sustainability of a transport system. As a 
consequence of the tenets on which it is based, as well as the process that it employs, the 
ELASTIC framework, and its application to England described in this thesis, provides 
various benefits for sustainable transport planning practice and research. 
It will also be noted however, that the ultimate development of ELASTIC was only 
possible after extensive scoping and review of past applications and discussions of 
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indicator-based sustainable transport assessment. These scoping stages of the research 
facilitated the identification of strengths, needs and gaps in current sustainable transport 
assessment, which in addition to guiding the development of ELASTIC, can also inform 
future work and research on sustainable transport assessment. 
The key contributions to knowledge that have been facilitated by the development of 
ELASTIC as a framework, the attendant scoping processes that preceded and guided its 
development, and its application to England, are discussed below. 
Illumination of current strengths and gaps in sustainable transport assessment 
As alluded to above, an extensive review of the literature and past work on sustainable 
transport assessment was conducted as part of this research. Using a Strengths 
Weaknesses Opportunities Challenges (SWOC) analysis, valuable features of current 
approaches and needs for future research were subsequently identified from the review. 
Key strengths of current and past approaches to indicator-based sustainable transport 
assessment include the specification and linkages of indicators to themes, the recognition 
of the need for stakeholder participation and the availability of a large pool of indicators. 
On the other hand, weaknesses of current approaches include arbitrariness of indicator 
selection, poor reflection of the system provided by resultant assessments, the absence of 
systematic approaches for incorporating stakeholder values and inadequate recognition of 
context. As a consequence of the above gaps, several opportunities for future work on 
sustainable transport assessment were identified, such as the need for systernatisation of 
the processes and criteria that determine indicator choice, development of a systematic 
approach for eliciting and incorporating stakeholder values in assessment and building 
flexibility into assessment frameworks so that they can adequately reflect context. 
Recognising the challenges posed by the complexity and broadness of the concept of 
sustainability, the subsequent research effort was geared at developing an approach that 
built on the strengths identified while addressing the gaps and weaknesses. The resultant 
outcome of that aspect of the research is discussed below. However, it must be pointed 
out that the strengths, weaknesses, gaps and opportunities illuminated by the review can 
also aid wider understanding of the pertinent aspects of sustainable transport assessment. 
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A novel and systematic approach for sustainable transport indicator selection 
To address the gaps identified in the review of current and past applications of indicator- 
based sustainable transport assessment, the main output of this thesis has been the 
Evaluative and Logical Approach to Sustainable Transport Indicator Compilation 
(ELASTIC), a methodological framework that provides a rigorous approach for selecting 
key indicators of sustainable transport. Given its inherent systematic processes, 
ELASTIC enables indicators to emerge more naturally and can be adjusted to suit the 
needs of a given locale or a set of stakeholders. As with any decision analysis tool 
however, ELASTIC will not solve the indicator selection problem, nor is it intended to do 
so. Its purpose is to provide insight and promote structure and due process to help 
decision makers make better decisions in the context of sustainable transport assessment. 
Among the many benefits of this systernisation, is that the various stages of the process 
can be clearly shown to those interested in order to justify and explain if necessary, why a 
particular indicator was selected, or not selected. Similarly, if questions are raised later 
and there is a need to audit the indicator selection process, ELASTIC provides a clear 
structure that can be revisited to enable such auditing. Consequently therefore, indicator- 
based assessment facilitated by ELASTIC can enhance the credibility of the selected 
indicators and the consequent assessment process. 
An approach for ope rational isn-q the concept of sustainable transgort 
Given that the ELASTIC framework is driven, inter alia, by sustainable transport 
objectives, as ranked by relevant stakeholders, the process can provide a conceptual 
description of the various components and phenomena of the transport system that are 
relevant to sustainability within that specific context, and the trade-offs among them as 
determined by the stakeholders. Given the fuzzy nature of sustainable transport, the 
highlighted objectives and the trade-offs, as well as the consequently chosen indicators, 
can play a valuable role in translating the nebulous concept of sustainable transport into 
clearer practical terms since together they would reflect those themes, issues and 
concerns that are taken by relevant stakeholders to be of most importance to the transport 
sustainability. 
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A mechanism for capturing and entering stakeholder values into assessment 
Participation of those who can affect or may be affected by the decision is key to 
sustainability analysis. Examination of previous work had shown an absence of any 
robust and auditable mechanisms for capturing stakeholder values and entering them into 
the sustainable transport assessment process. ELASTIC remedies this situation by 
providing a robust method for capturing and entering stakeholder values and judgements 
into sustainability analysis. Stakeholder values are elicited via pairwise comparisons of 
desirable characteristics of indicators and key objectives of sustainable transport. The 
judgements expressed in these pairwise comparisons are then analysed using the Analytic 
Hierarchy process (AHP) to derive quantified weights of importance for each criterion 
and sub-goal. These quantified weights of importance are therefore based on the 
preferences and judgements of stakeholders, and since they form the basis for indicator 
selection and ultimately for the sustainable transport assessment process, ensure that 
stakeholder values are incorporated in the analysis. 
The process of eliciting, analysing and entering stakeholder values into the sustainable 
transport assessment process have been described fully in this thesis and has been 
demonstrated through the application of ELASTIC to England, UK. 
'Proof of concept' of a new approach to sustainability assessment 
The thesis was concerned with developing a novel methodological framework for 
indicator-based sustainable transport assessment. A key element of the research however, 
was the actual application of the framework to England which was described in Chapters 
six and seven. This application has served as a valuable 'proof of concept' in that it has 
demonstrated the way in which the various steps of ELASTIC are undertaken in practice 
and indeed, ELASTIC's ability to derive a subset of key indicators. This application also 
showed that while representing a useful contribution to existing knowledge, there is still a 
need for further refining and adjustment of ELASTIC. Suggestions on the direction that 
such refinements may take are discussed in section 8.4. 
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8.3 Limitations of the research 
There were several time and other constraints placed on this research by the fact that it 
was undertaken within the context of a Ph. D. As such, there were aspects of the work, 
that in an ideal setting could have been undertaken differently. This was especially the 
case with the application of the ELASTIC framework to England. Two particular aspects 
that could have enhanced this application would have been (i) inclusion of a broader 
range of stakeholders groups and (ii) assignment of outcome scores to indicators by a 
team of Analysts. These are each explained below in turn. 
Inclusion of a broader range of stakeholder groups 
In the application of the ELASTIC framework to England, the views and judgements of 
two key groups of stakeholders were elicited, namely Municipal Transport Planners and 
transport-related Academics. While these groups were useful for the purpose of 
demonstrating the framework and were especially well-placed to provide insightful 
judgements due to their professional interests, the reality is that they represent only two 
of the many stakeholder groups relevant to the sustainable transport planning context. 
The research sought to overcome this shortcoming by surveying larger samples than is 
generally required in MCDA applications. A suite of indicators based on the judgements 
of a broader range of stakeholders however, would have been more representative. 
Assimment of outcome scores to indicators by a team of analvsts 
The assignment of outcome scores to indicators during the application of ELASTIC to 
England, was undertaken by a single analyst. To ensure the highest levels of objectivity 
in the outcome scores attributed to indicators however, evaluation of indicators by a team 
of analysts would have been more appropriate. Given the time and financial constraints 
under which the Ph. D was undertaken, as well as the number of entries that were 
required, i. e., 2000, it was not possible to assemble a team of experts to undertake the 
assignment of outcome scores. The research has endeavoured to minimise any possible 
biases in assignment of outcome scores by using respected publications for guidance, 
stating narratively in a separate spreadsheet database the reasons why a particular score 
was assigned and by conducting a robust high-dimensional sensitivity analysis. 
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8.4 Recommendations for further work 
The underlying methodology of ELASTIC is sufficiently robust. As alluded in the 
previous section of this chapter however, it may be possible to better illuminate the 
practicality of the framework through application to a wider array of stakeholders. 
Moreover, while the ELASTIC framework provides a robust mechanism for selecting 
sustainable transport indicators, there may be need for further research to maximise the 
usefulness of these key indicators for the planning process once they have been selected. 
Some of the key research opportunities and recommendations for further work are 
discussed below. 
Application of ELASTIC to differing contexts and a wider range of stakeholders 
As previously discussed, the application of ELASTIC in this thesis has been within a 
specific geographic context and was based on the values of select groups of stakeholders. 
it would therefore be useful to test and demonstrate the applicability of ELASTIC to 
various other geographical and spatial contexts and with a wider range of stakeholder 
groups. There is the possibility, among other things, that the weight elicitation technique 
and attendant survey processes may have to be modified to suit other stakeholders. A 
questionnaire based on pairwise comparisons as applied in the application described in 
this thesis for example, may not be appropriate for 'the ordinary man on the street'. 
Investigating the 12otential for reference values and targets for indicators 
There has long been a desire among sustainability analysts for the specification of targets 
and reference values for indicators that would illuminate arrival at threshold levels. 
Similarly, many of the UK Government's indicator programmes discussed in Chapter six 
mandate regional and local authorities to set targets to show goal achievement. A key 
benefit of setting reference values for indicators is that they can then facilitate benchmarking 
which translates general assessment into clear categories of 'good', 'average' or 'bad' 
performance. Setting such reference values is not a trivial task however, due to the scientific 
uncertainty, spatially variable environmental and economic conditions and the qualitative 
character of some indicators. Identifying ways through which such reference values could be 
set would greatly enhance the utility of the indicators selected through the ELASTIC process. 
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Presentation of the indicators 
Once the indicators have been selected using the ELASTIC framework, they then need to 
be presented to stakeholders and interested parties in a way that adequately 
communicates overall system performance. The small suite of key indicators go a long 
way towards providing such information in an interpretable way, and are preferable to 
long ad hoc lists. However, indicators, while presented holistically are still fundamentally 
individual units and when presented side by side, can only be viewed individually (Morse 
et al 2001). Development of a mechanism that can take the information inherent in these 
individual indicators selected by ELASTIC, to provide an overall or partial indication of 
the sustainability of a transport system would have many benefits. 
Enhancing the guality of ELASTIC's outputs 
As discussed in the critical evaluation of the ELASTIC process and outputs presented in 
section 7-10, there is room for improvement in terms of how well the framework reflects 
the components of the broad issue of sustainability and how it ensures that its outputs are 
both usable and useful for sustainable transport decision making. A possible way through 
which the outputs of ELASTIC can be influenced to better miffor sustainable transport 
objectives and have greater compatibility with sustainable transport decision making, is 
by including constraints in the framework. Constraints may, for example, ensure that each 
objective is reflected at least by a pre-specified number of indicators, or that indicators 
must score a minimal value on one or more criteria to qualify for selection. Whether or 
not this, or any other modifications, will improve the quality of ELASTIC's outputs is a 
question that should be addressed in future research. 
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